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SECTION 1 

SUMMARY 

I 

I 
I 
I 
1 
I 

The final report on the Phase B Project Definition Study for an Integrated Medical and Behav- 
ioral Laboratory Measurement System (IMBLMS) represents the results of an analysis and 
conceptual design study performed by General Electric under NASA Contract NASw-1630. 

During the study, major emphasis w a s  placed on measurement selection, analysis and refine- 
ment. Measurement descriptions have been prepared to provide baseline definitions of re- 
quirements. Individual ekperiments , measurements, and related equipments and/or procedures 
have been critiqued. Relationships between measurement components , service equipment, 
crew operations, safety, and data management are  described by means of function flow block 
diagrams. Recommendations for exclusion o r  inclusion of specific measurements as part of 
IMBLMS are included together with supporting rationale. This rationale is largely based on 
the use of safe, non-invasive methods (excepting allowed venipunctures) which are compat- 
ible with reasonable crew training and projected flight schedules. 

In the medical measurement area, General Electric recommends inclusion of all specified 
measurements with the exception of central venous blood flow. Non-invasive techniques for 
determining central venous blood,flow are not now available. The use of ultrasonic echo 
measurements to assess muscle mass, heart' size, and arterial elasticity, and ultrasonic 
doppler measurements to determine cardiac output and peripheral blood flow are recommended. 

In the biochemical area, General Electric recommends omitting from further consideration 
some 23 measurements (approximately 9% of those surveyed). A further recommendation 
applying to all but a few of the remaining measurements is to obtain and preserve samples 
for post-flight analysis. Other than for analyses requiring only rudimentary equipment, the 
availability of suitable equipment for conducting in-flight analyses is not compatible with the 
proposed IMBLMS flight schedule. 

Behavioral measurements provide one of the major challenges to the IMBLMS program. At 
least nine discreet measurement techniques are recommended in answer to the desired needs , 
including assessment of muscle, visual, auditory and vestibular function. GE also recommends 
the integration of behavioral measurements into the physiological and biochemical experiment 
protocols. This approach to behavioral assessment has the advantage of providing certain 
desired behavioral information without requiring additional test time or crew attention. 

The IMBLMS sxstem conceot. as defined by General Electric, is based on the e" requirement -. c---*.̂ riuirru- -.P .I- - 
for common m ~ a ~ ~ r e m e n t n d s e r v i c e f u n c t i o n s  needed to s 
behavioral experiments in space. By this definition 
cluded as part of IMBLMS. During the study, syste 
persued in three general areas: 1) system approach, 2) data management, and 3) modular. 
design and packaging. The IMBLMS system concept features a minimal system capability to 
which additional standardized functional modules are  added to meet specific mission require- 
ments. Integration of the on-board computer capability into the system concept to eliminate 

__L________uI 

--*-a -1.. - II"".c=-c. -*-i- '~~.rU~lir,-..xi-Y.rrrr.b*lr.y- --.. ~ 
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o r  supplement potential IMBLM system elements is an important feature. Commonality of 
function, semi-automatic operation, modular design, future growth capability, and spacecraft 
installation compatibility are emphasized. 

General Electric's approach to IMBLMS equipment selection is based on the competitive soli- 
citation and ultimate incorporation of the latest and most advanced equipment developments, 
concepts, methods, and techniques available in the entire bio-engineering community. This 
multiple vendor approach was  implemented by an extensive vendor briefing held at GE - 
Valley Forge Space Technology Center, by written and telephone solicitations, by individual 
meetings at GE, and by visits to vendors by GE (almost 200 contacts and discussions). The 
vendor contacts revealed that in general medical measurement equipment development is the 
furtherest advanced, chemical analysis equipments need additional development for space 
application, and behavioral measurement techniques are the least perfected. 

I. 1-2 
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SECTION 2 

INTRODUCTION 

+ 
UNIQUE 

EXPERIMENT HARDWARE 

i 

General Electric recognizes four major elements of the medical and behavioral research pro- 
gram contemplated by NASA in the Apollo Applications Program (Figure 2-1). The selection 
of experimenters , the structuring of experiments, and the implementation of experimental 
protocols lies primarily in the province of NASA. For the performance of these experiments, 
two types of hardware and equipments can be identified: first, unique, single-purpose experi- 
ment equipments which in general represent major separate procurements by NASA; and 
second, a group of equipments , highly flexible in application, which represent measurements 
and services common to many experiments. As shown in Figure 2-1, a fourth function is the 
integration and operation of the resulting experiment system. 

.-. IMBLMS, as conceived by General Electric, provides the common measurement and services 
function. It must accommodate all present &=visioned experi-- 
provides flexibility in program planning and establishes a common interface for future experi- 
ment hardware. 

This definition of IMBLMS (the common measurement and services function) has been pursued 
by an analysis of the experiments and measurements, provided in Annex A and B of our con- 
tract, as well  as approved experiment plans for AAP in order to identify unique experiment 
equipment, measurement equipment and the required service functions. 

I INTEGRATION 
AND OPERATION I 

COMMON 
MEASUREMENT FUNC TlONS 

AND SERVICES 

Figure 2-1. General Electric Company Approach to IMBLMS 

I. 2-1 



Thus, IMBLMS is not the highly unique experiment hardware of the AAP medical and behav- 
ioral laboratory. Examples of what is meant by unique experiment hardware are: 

a. 

b. 

C. 

d. 

e. 

f. 

g. 
h. 

i. 

j. 

k. 

1. 

m. 

n. 

Ballistocardiogram 

Bicycle Ergometer 

Whole Body Exerciser 

Lower Body Negative Pressure Device 

Water-cooled Suit 

Anti-G Suit 

Elastic Leotard 

Rotating Litter Chair 

Fiber Optics System 

Gamma Gauge (Bone Densitometry) 

Endoradiosonde 

Food and Water Dispensing 

Waste Sample Collection 

Small Radius Human Centrifuge. 

Some of these equipments are the subject of current NASA procurements and others are con- 
templated. Food and water  dispensing and waste  sample collection, although critical to pro- 
posed metabolic and nutritional experiments, are clearly not IMBLMS equipment, but probably 
a part of the crew support equipment. The ballistocardiogram, the small radius human 
centrifuge and the endoradiosonde pill itself are  not IMBLMS by virtue of their specialized 
nature. Each, however, requires a biotelemetry receiving system which is an IMBLMS candi- 
date, by virtue of the commonality of the requirement. While a versatile cinematographic 
capability is an IMBLMS function, unique and special fiber optics are not by this definition. 
The presence of the lower body negative pressure device serves to identify a pneumatics 
capability for IMBLMS and the water-cooled suit an IMBLMS capability to handle fluids, 
including gas-liquid phase separation and liquid temperature control. 

IMBLMS is thus not the complete medical and behavioral laboratory. The GE philosophy and 
approach has been to identify certain major single purpose items for separate procurement by 
NASA and to supply common and support measurement capabilities, services and interfaces 
for experiment performance. 

IMBLM is the multipurpose sensors and hardware which support and sub-serve major segments ~ 

of the overall experimental program. It is regulated power, pneumatics, thermal control, 
displays and controls, and data management. It is the laboratory stockroom. It is the space- 
equivalent of the string, adhesive tape, sealing wax, bunsen burners and ring stands. It is all 
those things that are required to make an experimental laboratory functional. 

I. 2-2 



I 
I 

I 
I 
li 

This definition of IMBLMS was reached as  the result of several influences: (1) the desire to 
utilize to the maximum extent possible NASA hardware developments already underway o r  
iminent, (2) the requirement to accommodate new experiments and the reprogramming of 
others, and (3) schedule pressure for a flight capability in 1970. 

General Electric believes this approach to IMBLMS has many advantages. For example: 

a. It provides a circumscribed area of work for the IMBLMS contractor which can be 
defined without being unduly open-ended. 

b. It accommodates NASA's management perogatives to control the program and make 
experiment modifications as the program progresses. 

c. It accommodates the desired measurements as expressed in Annex B of our  contract. 

I. 2-3/1.2-4 
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SECTION 3 

MEASUREMENT ANALYSIS AND REFINEMENT 

INTRODUCTION 

The work of this area has consisted of measurement definition, equipment definition, meas- 
urement/equipment critique and considerations with respect to crew operations including 
displays and controls philosophy and crew time availability, 

3.2 MEASUREMENT DEFINITION 

The work was begun by the tabulation of the description o r  interpretation of the intent of each 
measurement listed in  Annex B. 
psychologists were required to state in lay language, where possible, the meaning of the 
simple phrases provided, An exact statement of this type is of great value to the biological 
and behavioral scientist in the avoidance of ambiguity. Despite reference to the literature, 
ambiguities and uncertainties are present in the list. 

This served several purposes. The physiologists and 

The engineers have profited by a clear statement of what is required in language he can 
understand. Because of the breadth of coverage of the measurements these descriptions 
have served as an educational tool inasmuch as most individual bioengineers and life scien- 
tists have had a more restricted experience as compared to the scope of the measurement 
list. 

A s  measurements were described, preliminary statements of possible approaches, methods 
and procedures were noted, In particular, where no non-invasive o r  safe method was 
known, this was indicated. References to the literature were appended depending on the ex- 
perience of the individual compiling the definitions. 
one iteration based on information accumulated during the contract period. 

The measurement list has undergone 

The measurement name, its definition, suggested methods and procedures and investigator 
remarks for each measurement are given in the format and example of Table 3-1. Detailed 
tables are  given in Appendix A. 

I. 3-1 
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3 . 3  EQUIPMENT DEFINITION 

From NASA experiment implementation plans, work statements and specifications, and 
relevant literature for equipments as they have been identified, tables were prepared pro- 
viding the following information: 

a. Equipment name and reference material used 

b, Equipment major components 

e, Support and service equipment 

Ce Function flow block diagrams indicating relations between components, service 
equipment, crew operations and data management 

Service equipments generally include controls and displays and data management items as 
well as ancillary sensors required to support relevant experiment designs. 

Not all equipment has been converted to this form, because of late receipt of vendor in- 
formotion. Those which have been completed are given in Appendix 33. The format and an 
example are shown in Table 3-2. 

The sections related to behavioral measurements represent somewhat expanded versions of 
the basic format. Time will permit a similar expansi,on in the case of the medical measure- 
menta. 

3.4 MEASUREMENT/EQUIPMENT CRITIQUE 

The critique of both equipment and measurement methods and procedures has been conducted. 

The r=,easurement/equipment critique was related to the following criteria: 

.L 

b, Precision and accuracy 

e, 

I Crew safety 

e- 

Relevance of the measurement to manned space flight 

Crew training and baseline studies required 

Hardware development problems and feasibility for space flight implementation, 

P T  
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For purposes of discussion, measurements have been grouped as follows: 

Cardiovascular 
Respiratory 
Metabolic and Nutritional 
Musculoskeletal 
Behavioral, Neurological and Sensory 
Biochemical, Cytological and Microbiological 

Such groupings are not mutually exclusive but are rather interdependent. No grouping of 
measurements has proved really satisfactory; all overlap to some degree. 

3.4.1 CARDIOVASCULAR MEASUREMENTS 

Perhaps the most critical measurements to be made in the Apollo Applications Program are 
those related to the cardiovascular system and its adaptation to weightlessness. We believe 
that Annex B has provided a balanced set  of measurements in this area. 

3.4.1.1 Electrocardiogram 

The electrocardiogram will be included, of course. We propose an ECG capability consisting 
of three channels to be used either separately (as single channel ECG's), simultaneously 
(a single channel for each astronaut) o r  as the VCG on a single astronaut. For use at a 
fixed experiment station such as the ergometer o r  lower body negative pressure device, 
junction boxes for "active" electrodes will be used, These electrodes are provided with 
thin film circuits so that the inputs or  electrode impedance of two megohms o r  greater is 
converted to an output of 100 ohms so that the low impedance line that runs from the junction 
box may be 25 to 50 feet or more. We believe that such a system will meet the requirements 
imposed by such situations. In addition, the IMBLMS will provide a versatile biotelemetry 
receiver that will accommodate the transmissions from a personal biotelemetry system. . 

Such a personal biotelemetry transmitter, we  believe, should be GFE if required by specific 
experimental protocols 

For the VCG application, the use of active electrodes may require modification of the values 
of the Frank resistor network. 

The vectorcardiogram currently proposed as Experiment No. DB-53-M051 is designed as a 
vest system. 
We would propose, however, that the basic capability be repackaged in the IMBLMS to per- 
mit the realization of the multipurpose use of the associated electronics. 

Such a design would be appropriate for the ballistocardiogram application. 

Although the state-of-the-art will permit the digitalization of the ECG signal directly from 
the electrode, we believe common mode rejection will be required prior to such signal 
treatment in order to preserve signal integrity. 
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3.4.1.2 Phonocardiogram 

The phonocardiogram microphone is included for the study of heart sounds, for use with the 
automatic blood pressure measuring device, and for data analysis with the ballistocardio- 
gram. The device covers the frequency band 30-100 Hz. The interpretation of the phono- 
cardiographic trace for heart sounds requires the simultaneous recording of the ECG. 

The same amplifier type is used for the phonocardiogram and the ECG. However, because 
the VCG and the phonocardiogram are  used simultaneously, an additional signal conditioner 
will be required and available for other sensors in other experiments. 

The microphone will be GFE. On-board quantitative calibration is being studied utilizing 
either the auditory measurement equipment o r  the computer, 

3.4.1.3 Ballis to cardiogram 

The ballistocardiogram in six degrees of freedom is a logical experiment in itself, Require- 
ments on IMBLMS have followed Nixon and Beischer's published work, These include a 
body-mounted VCG, the phonocardiogram, and a nares a i r  flow sensor. The BCG con- 
straint platform should logically include these plus the linear and angular accelerometers, 
a calibration system, amplifiers, and a biotelemetry transmitter. 

For this experiment, IMBLMS should provide the biotelemetry receiver, displays, and data 
management. Calibration services could be provided by hardware before and after the test 
from the IMBLMS. 

3.4.1.4 Cardiac a b u t  

During the Phase B Study we have considered three methods for the measurement of cardiac 
output: (1) the impedance method; (2) the ultrasonic method; and (3) the rebreathing method. 

3.4.1.4.1 Impedance Methods 

General Electric has reservations with respect to the use of impedance measurements gen- 
erally and their calibration problems. 
and discussed it with knowledgeable individuals. We  are persuaded to include in IMBLMS 
a general purpose lmpedance system capable of use in the following modes: 

We have studied the problems during this contract 

(1) Transthoracic impedance using neck, sternal and abdominal electrodes as in the 
Kubicek system; 

(2) Extremity impedance (arm, leg and finger) for the measurement of 

Segment volume and thus venous compliance. 

Regional blood flow in the extremities. 

As an alternate detector for blood pressure measurement. 
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Our reservations related to impedance arises from two sources: First, Kubicek et al have 
recently published their study of the development and evaluation of an impedance cardiac 
output measurement system developed under NASA contract. 
apparently monitors right ventricular output based on comparisons with simultaneous values 
obtained by the dye dilution technique. 
variation. 

They report that the system 

Their observations indicate a large subject-to-subject 

For NASA there are two implications. The first is that individual astronauts may have to be 
studied by dye dilution in order to determine the impedance proportionality constant which is 
unique to the individual. 
tained under ground-based and space flight conditions, o r  ratios as a function of residence 
time in space, 

The second approach is the use of ratios of cardiac outputs ob- 

A recent report by Hill and his associates throws considerable doubt on the impedance 
method generally. An extensive mathematical and laboratory analysis has led them to the 
belief that impedance devices cannot be calibrated because of artifacts at the electrodes, 

To quote from their paper: !'Any further search for such an elusive signal should be carried 
out a s  a separate academic study. 
get the best pseudosignals. 

They indicate that "the least sophisticated instruments 

While the impedance method appeared to offer hope of a single system measuring not only 
cardiac output but respiratory volume exchange and regional blood flow, there now appear 
to be severe restrictions with respect to individual-to-individual variation and calibration. 

The final inclusion of the impedance system in IMBLMS must await further ground-based 
studies, 
tution of alternate methods for either cardiac output, regional blood flow, o r  limb volume 
if desirable, i. e. , the capacitance cage developed by Carlson. 

The allocation of weight, space, and power for the system will permit the substi- 

Certain proprietary impedance methods have been brought to our attention during the Phase 
B study. These have not been communicated because of our current contractual relations. 

3.4.1.4.2 Ultrasonic Methods 

Perhaps the most promising method for the measurement of cardiac output and regional 
blood flow makes use of current advances in ultrasonic technology pioneered by Rushmer. 
A s  with the impedance devices, quantitation presents a problem but the electronics are 
simple. Transducers present a design problem because sending and receiving crystals 
must be angled exactly for the specific blood vessel under study. The electronics will be 
included in IMBLMS and the transducer selection and configuration determined at a later 
date. Both the impedance and the ultrasonic device satisfy the requirement for pulse con- 
tour in Annex B. 
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Echo-ultrasonography will be useful for a variety of measurements in the IMBLMS program 
including muscle size, mass and density measurements, size and reactivity of the heart, 
motion of heart valves, and arterial size, compliance, and reactivity, 

3.4.1.4.3 Rebreathing Methods 

Because we recommend the inclusion in IMBLMS of a mass spectrometer with single 
breath capability, the use of rebreathing techniques for cardiac output employing Freon 22 
or carbon dioxide are also recommended for inclusion. Sampling systems will be required 
for respiratory measurements and can be adapted for the cardiac output determination. 

The use of Freon 22 is not a widely publicized technique. Given a versatile gas analyzer with 
the subject breathing room air  (in our case a mixed gas cabin atmosphere), rebreathing is 
begun at expiration from a mixture of Freon 22 and oxygen. Equilibrium occurs in 3 o r  4 
breaths and the freon is removed from the rebreathing system at a rate determined by the 
solubility of freon (0.71) and the blood flow, Measurements include the initial and final 'con- 
centration of the diluent (N2 o r  He) to provide the volume of the circuit and the plot of the 
freon concentration. While errors  occur for marked changes in cardiac output from the 
normal, the method has much to recommend it. For space application, we must recognize 
that freon is converted into a toxic gas in a catalytic burner, and such a safety hazard must 
be considered before recommending the method. 

3.4.1.5 Blood Pressure 

General Electric recommends the inclusion in IMBLMS of a manual blood pressure measure- 
ment capability as well as an automated capability for use during special procedures such as 
exercise. Requirements for the automatic system have followed the Design Requirements . 

for the Gemini Biomedical Instrumentation System. 

We are currently investigating a Smith Kline Instrument Company automatic system which 
is said to resolve problems related to f i t  of the cuff and employs a specially designed mi- 
crophone, The data is displayed o r  recorded as voltages related to appearance and dis- 
appearance of the Korotkoff sounds so that systolic and diastolic pressures are read directly 
and independently, 

3.4.1.6 Venous Pressure/Compliance 

Venous pressure is difficult to measure with a needle and manometer a t  the bed side. 
ther, the interpretation is most difficult in the presence of valves in the veins and venous 
collapse at the thorax with the respiratory cycle. 
sure is usually readily apparent in pathological conditions related to the heart, but the 
clinical measurement usually makes use of gravity. 

Fur- 

Venous distension due to elevated pres- 

In space flight, the measurement of interest is really the venous compliance, the A P/A V 
relationship, Weightlessness is thought to alter the elasticity or  "tone" of the venous sys- 
tem, and thus the A P/A V relation. In practice, this can be obtained by exposing the ex- 
tremity to negative pressure and measuring the volume o r  circumference of the limb, - 
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A study of venous pressure per se has been conducted by Biosystems, Inc under NASA con- 
tract which they have made available to us as the result of the GE IMBLMS vendor solicita- 
tion, Their study of venous pressure has proved valuable to us in defining IMBLMS service 
requirements, 

In the course of their study they investigated 16 potential methods for the measurement of 
venous pressure as shown in Table 3-3. 
venous system are probably central in any study of the cardiovascular effects of weightless- 
ness. If we assume that any one of these methods might at some time be flown on the AAP, 
what service facilities would be required to support their accommodation and integration? 

This effort is appropriate because alterations in the 

Omitting thermography, we find the distribution of requirements shown in Table 3-4. 
that number 13 is unique, requiring a totally manual manipulation; in this case, the meas- 
urement of ocular pressure with a tonometer under local anesthesia and the relation of the 
measurement to a nomogram. 
(P-A Delay) involving a cross correlation technique. Notice the frequent use of force gen- 
erators, both mechanical and thermal. 

Note 

The only on-board data processing is required by number 10 

Table 3-3. Venous Pressure Measurement Methods 

1. 

- 2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

Air Displacement Plethysmograph 

Water Displacement Plethysmograph 

Capacitance Displacement,Plethysmograph 

Impedance Displacement Plethysmograph 

Pho toplethy s mogr aphy 

Circumference Measurement 

Thermal Flow 

Doppler Shift 

Pulse Wave Velocity 

P-A Delay 

Standing Wave Resonance 

Superficial Vein Pressure Chander Balance 

Ocular Method 

Peripheral "A" Wave Detector 

Venous Run-off 

Thermography 
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We have reviewed the state-of-the-art in plethysmography as reflected in the Biosystems 
report and find the air, water, and perhaps photoplethysmography techniques largely unac- 
ceptable for IMBLMS. Each represents a significant technical problem in itself, and although 
IMBLMS could support all approaches, we do not recommend them. We have also made pro- 
vision to incorporate the capacitance cage technique of Carlson. 

The assessment of venous pressure by the superficial collapse method devised by Biosystems 
can easily be accommodated as a manual item by the allocation of storage space. It appears 
to us more relevant to the manned space program to concentrate on the measurement of 
venous compliance. We have the firm view that the culprit in cardiovascular adaptation to 
weightlessness is the venous wall, and that cardiac changes, if they occur, will  be appropri- 
ately adaptive with no tendency toward failure. 

3.4.1.7 Rerrional Blood Flow 

Regional blood flow methods (ultrasonics and impedance) have been considered. Alterations 
in skin temperature, as measured by the thermistor harness system (considered below), 
represents an additional technique. 

Al l  of the methods considered have been non-invasive. We know of no techniques for organ 
blood flow which can be used which do not require invasion, We have interpreted regional 
blood flow as extremity and skin blood flow and have not pursued this area further. 

3.4.1.8 Arterial Oxygen Saturation 

The ear oximeter is a non-invasive, indirect o r  bloodless technique for evaluating the oxy- 
hemoglobin content of blood. It is painless and convenient and has been widely used despite 
the inherent variability of the method. 

In response to our solicitation, American Electronics Laboratory, a neighbor in Colmar, 
Pa. , has provided us with a mathematical analysis of ear  oximetry and a number of sug- 
gested improvements. 
instrumentation and has produced such devices since 1960. 

’ 

This firm has had considerable experience in this general class of 

The principle problems of ear oximetry relate to the necessity of individual calibration and 
the difficulty of determining absolute values of oxygen saturation of the blood, problems 
which now appear amenable to design correction. 

Precision and accuracy of the ear  oximeter is significant because of its potential usefulness 
in manned space flight. Mcnroy, at the University of California at San Francisco, has 
described a single breath respiratory method utilizing the ear oximeter which leads to an 
estimate of circulation time and the time constant for the clearance of gas by the blood from 
the dominant mixing chamber. The time constant is a ratio of gas volume to blood flow. 
Given either an estimate of blood €low or  of the relevant gas volumes, cardiorespiratory 
relations may be studied. The determination provides measures relevant to the study of the 
cardiovascular effects of weight1 es snes s, 
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Rather than a measure of mean hemoglobin saturation, equipment modification can permit 
a measure of the oxygen saturation of arterial inflow, the physiologically important value. 

The ear oximeter appears in the NASA measurement list (Annex B) only in relation to cer- 
tain respiratory variables of somewhat limited interest, This raises an important element 
of the IMBLMS concept: the utilization of a simple sensor for a variety of measurements, 
alone o r  in association with other equipment, 

We are aware of the developments in ear oximetry at the Aerospace Medical Division of the 
USAF at San Antonio, and have read Dr. Earl Wood's paper of the detection of dyes at 
the ear piece in the assessment of cardiovascular function, another example of the imagina- 
tive use of this sensor. The ear  oximeter will be included in IMBLMS. 

3.4.1.9 Cardiovascular Procedures 

Annex B calls out a series of procedures which will utilize the IMBLMS battery of measure- 
ments. The ballistocardiogram has been considered, Other procedures include: 

a. Inflight Exercise 

b. Inflight LBNP 

c. Elastic Leotard 

d. Carotid Sinus Stimulation 

e. Response to Occlusive Cuffs 

3.4.1.9.1 Inflight Exercise 

We regard the inflight use of exercise and the LBNP as forcing functions on the cardiovascu- 
lar system as potent methods for the study of cardiovascular adaptation and countermeasures 
for weightlessness. The variables having a potential relation to the response to exercise dur- 
ing zero G are shown in Table 3-5, They number 53 of which 35 appear relevant, Both 
respiratory and cardiovascular variables are involved. 
rate appears to be a unique criterion for exercise tolerance, and IMBLMS will include a 
cardiotachometer. 

In the cardiovascular area, pulse 

IMBLMS will provide support to the GFE ergometer in terms of power recording, work rate 
and time with appropriate displays. 

3.4.1.9.2 Inflight LBNP 

This technique which simulates the hydrostatic load on the vascular system has been under 
intensive investigation. 
be involved, 

Potentially, the following IMBLMS measurement equipment may 
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Table 3-5. Physical Fitness Variables, Means, and Standard Deviations 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

Max 0 2  intake, liters/min 

Max O2 intake, ml/kg body wt/min 

Max O2 intake, ml/kg lean body 

Max min vol, vent/liter 

Forced VC/liter 

Ht, cm/FVC per liter 

FVC/body surface area 

MBC/liter per min 

Forced expiratory voll 

Submax resp rate/min 

Max resp rate/min 

3-Min recovery pulse count after 

Pulse increase from rest to submax 

Duration bicycle ride, in min 

Mod Schneider index 

Resting systolic blood press, mm Hg 

Postexercise systolic blood press 

Recovery systolic blood press 

Resting diastolic blood press 

Postexercise diastolic blood press 

Recovery diastolic blood press 

Resting pulse press 

Postexercise pulse press 

Recovery pulse press 

Max heart rate/min 

Lying heart rate/min 

mass /min 

(% of VC) 

submax exer 

Mean 

3.126 

39.460 

54.310 

94.160 

4.960 

36.090 

2.560 

141.120 

74.390 

23.530 

33.420 

336.020 

88.350 

9.600 

18.870 

119.250 

165.190 

126.420 

80.560 

74.820 

80.190 

38.630 

90.430 

46.170 

176.700 

68.180 

SD 

.541 

7.550 

8.260 

21.480 

.680 

4.500 

.310 

20.250 

7.560 

6.350 

8.440 

42.080 

15.670 

1.440 

9.100 

10.530 

17.830 

11.460 

8.330 

9.020 

8.600 

8.000 

15.240 

9.400 

'13.170 

9.520 
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Table 3-5. Physical Fitness Variables, Means, and Standard Deviations (Continued) 

Mean 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37 

38. 

39. 

40. 

41  , 

42 , 

43. 

44. 

45. 

46. 

47. 

48. 

49. 

50. 

51. 

52. 

53. 

Age, in years 

Height, in cm 

Weight, in kg 

Vent equiv (vent liters/liters O2 
used during max effort) 

0, pulse, ml/min (max exer) 

Body temp increase during submax exer 

Pull-ups 

Sit-ups 

Standing broad jump 

50-yd dash 

Shuttle run 

Medicine ball put 

Dips 

600-yd run-walk 

Drop-off index 

Force platform-vertical 

Force platform-frontal 

Force platform -ve rtic al /kg body wt 

Force platform-frontal/kg body wt 

Submax exer heart rate/min 

Submax min vol vent/liter 

Submax 0, intake, liter/min 

Standing heart rate/min 

RQ (submax exer) 

Lean body mass, kg 

Percent lean body mass 

Submax min vol vent/kg body wt  

36.900 

176.403 

80.155 

30.140 

17.810 

,440 

3.760 

33.430 

79.870 

7.590 

10.520 

31.740 

3,630 

146,480 

55.650 

1261.000 

298.000 

16.300 

3.650 

157.180 

59.500 

2.917 

80.610 

,971 

127.210 

72.720 

,755 

SD 

7.750 

6.604 

10.295 

4.120 

2.810 

,150 

2.950 

10.390 

8.670 

.680 

.880 

4.250 

2.930 

26,790 

21,420 

516.000 

157.000 

7.270 

1.720 

14.870 

10.960 

.411 

10.400 

.067 

13.270 

6,730 

,171 

VC =vital capacity; FVC = forced vital capacity; MBC =maximum breathing capacity. 
(J. APPLIED PHYSICAL. 20:991-999, 1965) 
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a. 

b. 

C. 

d. 

Leg volume as a function of LBNP. The resulting volume-pressure 
measurement of venous compliance. 

curve is a 

Alteration in arm blood flow reflexly induced by LBNP (see Shepard). 

Alterations in cardiac output and blood pressure with LBNP. 

Effects of an elastic leotard on these variables during LBNP exposure. 

We see no convenient way to utilize the anti-G suit in NASA's experimental program. Its 
use for re-entry protection is possible, but the air supply and G-value (appropriate for re- 
entry) has not been included in IMBLMS. A test of its protective effects by the use of the 
LBNP device does not seem warranted or  practical. 

IMBLMS will provide a programmable source of negative pressure for the LBNP. Pressure 
sensors will be integral with the GFE LBNP but electronics and data management available 
in IMBLMS will support the LBNP device. 

3.4.1.9.3 LBNP and Exercise as Countermeasures , 

We recognize an interaction between the use of LBNP and exercise as dynamic tests of 
cardiovascular function and the use of these techniques as weightlessness countermeasures. 
This, however, is a matter of experiment design, NASA must determine whether the intent 
is to observe the adaptation process as it occurs, or  fo provide repetitive exposures suf- 
ficient to prevent such adaptation. We believe the latter course is to be preferred and that 
minimal change in tolerance to these stresses is the desired response. 

3.4.1.9.4 Carotid Sinus Stimulation 

We hold the view that such a basic reflex mechanism as the carotid sinus response is un-' . 
likely to be modified by zero G. Available human data and the Soviet 22-day dog experiment 
do not suggest such changes. 
status by deterioration in the venous integrity. While the response to carotid sinus stimula- 
tion is both arterial and venous, the measurements included in IMBLMS will not be suffi- 
ciently sophisticated to provide a definitive answer to this problem. 

The data seem to point to the preservation of the arterial 

3.4.1.9.5 Response to Occlusive Cuffs 

Periodic occulusion of the venous system of the extremities exerts a protective effect on the 
deconditioning of this system. Underwater studies suggest that an intensive schedule ap- 
proaching one minute on - one minute off and four cuffs are required for protection. As a 
test, occlusive cuffs have less to offer as compared to LBNP. 
segment could be observed by appropriate instrumentation, but no measurement of venous 
pressure could be made, and thus compliance cannot be determined. 

Cycling of the volume of the 
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3.4.1.10 Cardiovascular Summary 

We believe that the measurements provided ~y IMBL I S  are adequate to provide an opera- 
tional evaluation of the cardiovascular status of the astronaut. Detailed and highly quanti- 
tative data can be provided only by invasive methods involving venous catheterization and 
arterial puncture. Studies related to the biochemical and hematological correlates of 
cardiovascular function will be considered later in this presentation, 

3.4.2 RESPIRATORY MEASUREMENTS 

IMBLMS will incorporate the following measurements in relation to respiration: (1) measures 
of lung capacity; (2) measures of metabolic exchange; and (3) measures of pulmonary func- 
tion including the mechanics of ventilation, perfusion, and diffusion. 

3.4.2.1 Lung Capacity 

NASA has under development a dry gas volume meter which can be used to assess lung 
capacities. The Melpar equipment for M-19 can be used directly, o r  gas volumes collected 
in an innatable Douglas-type bag can be expelled through the meter as in M-20. Both de- 
vices have been flight qualified, 

3.4.2.2 Respiratory/Metabolic Exchange 

At the mid-term review, our discussions evolved a tentative requirement for two distinctly 
different types of gas measuring systems: (1) a slow response system for metabolic meas- 
urements including p02 and pC02, and (2) a fast response system capable of single breath 
analysis, 

Response time in gas measuring systems relate not only to the sensors themselves but to 
the sampling sys tem utilized, Because metabolic measurements are characteristically 
average rates per minute o r  per hour, detailed moment-to-moment fluctions in oxygen 
consumption and C 0 2  production are not desired. Sampling systems can therefore be 
metabolic hoods through which ambient air  is drawn at a rate sufficient to maintain the CO, 
concentration at the desired level. Such hoods provide the subject with freedom of motion 
and are comfortable over prolonged periods, 

Oxygen consumption and C 0 2  production are measured by concentration differences with 
respect to ambient a i r  at a fixed flow rate. Because of the variable nature of the cabin 
ambient gas concentrations, these must be continuously measured during the procedure, 

3.4.2.2.1 Oo and COO Sensors 

During the course of this study, GE has reviewed the current state-of-the-art of gas sensors. 
This review has included: 

a. High-speed ambient temperature gas chromatography (Melpar). 

I. 3-18 



b. 

C. 

d. 

e. 

Lion Research Corporation pC02 and p02 detectors which utilize a radiological 
method. 

(3% and O2 detectors based on the polarographic principle (Beckman). 

Ultraviolet and infrared techniques for oxygen and carbon dioxide respectively 
(Perkin-Elmer). 

Mass spectroscopy (Perkin-Elmer and GE). 

We believe the commonality principle of IMBLMS dictates the selection of a single versatile 
multipurpose piece of equipment, and that the IMBLMS requirements are best met by the 
mass spectrometer approach. 

3.4.2.2.2 Gas Sensor Trade-off 

The requirements for breath-by-breath analysis of pulmonary gas are  the capabilities of 
simultaneously measuring the concentrations of the several gases and vapor which constitute 
pulmonary gas, and of being able to follow changes in their concentration at least as fast as 
the changes occur. Also important is the capability of making the measurements with suffi- 
cient accuracy to assure that the results are significant. Several instruments have been o r  
are now being developed into flight type gas analyzers under NASA contracts. 
struments offer several choices of equipment for pulmonary gas analysis. 

These in- 

NASA Contractor Report 741, The Design, Fabrication and Feasibility Testing of a Prototype 
Airborne Respiration Analyzer, describes a respiration analyzer incorporating a separate 
mass flowmeter, oxygen analyzer, C 0 2  analyzer, and total pressure sensor. The differ- 
ence between the O2 and C 0 2  analyzers and the total pressure sensor were compared to 
generate a signal corresponding to diluent gas partial pressure. The total internal volume 
of this arrangement was so large as to prevent a breath-by-breath analysis with the volume . 
of gas available in a single respiration. The approach adapted by North American Aviation 
who did this study was to use a sampling system which mixed the gases from a number of 
expirations to obtain an average value. Although this approach would be satisfactory for a 
basal metabolism study, the necessity for averaging many respirations to obtain a constant 
composition gas sufficient to operate the separate analyzers rules out breath-by-breath 
pulmonary gas analysis, as well as measurement of the pulmonary diffusion coefficient. 
(See Figure 3-2. ) 

A similar, but more closely integrated system, has been developed by Perkin-Elmer under 
NASA Contract No. NAS 9-6810. This unit uses infrared (IR) absorption for the measure- 
ment of C 0 2  and ultraviolet (UV) absorption for measurement of 0 2  and water vapor. The 
three detectors are integrated in a single unit with considerable commonality in electrical 
circuits, plumbing, and optics, 
inches, the power reqkirement is 6 watts and the accuracy is t2%. Although the'price for 
a fully flight qualified model has not yet been exactly determined, it will probably be near 
the price of a flight qualified mass spectrometer. 

The weight of the unit is 5 pounds, the volume is 100 cubic 

The main disadvantage the UV-IR analyzer 
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Figure 3-2, North American Aviation Respiratory Analyzer 

suffers in  relation to a mass spectrometer is that it requires a large flow rate in order to 
sweep new gas into the optical cells rapidly enough to change the gas in the cells as fast as 
the instrument electronics are  capable of responding. Perkin-Elmer has solved this prob- 
lem by passing the entire inhalation and exhalation through the UV-IR analyzer. This pro- 
vides a response time of 20 milliseconds to give a 63% response to a step change in input gas 
composition. A disadvantage of passing all of the respiratory gas through the analyzer is 
that the analyzer must be connected to *e mouth through a minimum volume, as any tubing 
connecting the mouth to the analyzer is added in effect to the volunie of the bronchial tree. 
However, since the mass of the UV-IR analyzer is only 5 pounds, it could be mounted di- 
rectly on a mouthpiece and held by the mouth. Although this is too heavy a weight to be com- 
fortable in a 1-G field, in space the analyzer would only be felt by its inertia, and a five- 
pound mass attached by a mouthpiece would not be objectionable if no rapid movements 
were made. 
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One measurement that the UV-IR analyzer would not be able to make is the measurement of 
the pulmonary diffusion coefficient. Carbon monoxide of heavier molecular weight than 28 
could be measured by a mass spectrometer to obtain the pulmonary diffusion coefficient; 
but since the presence of heavier isotopes does not change the optical absorption spectrum 
of a gas appreciably, the UV-IR analyzer, in its present form, would not measure either 
normal o r  heavy carbon monoxide. 

There are two mass spectrometers which are being developed into flight prototypes o r  flight 
instruments under NASA contracts. The one which is more advanced toward flight qualifica- 
tion is the magnetic sector mass spectrometer developed by the Aerospace Systems Division 
of the Perkin-Elmer Corporation in Pomona, California. This instrument is capable of 
measuring the partial pressures of six gases o r  vapors with a response time of 50 ms using 
a 2-meter sampling line and a gas consumption of 0.215 gms per hour. 
the UV-IR analyzer, this small amount of sample gas is lost overboard, as the mass spec- 
trometer would be vented to space to avoid the weight and power penalties of a vacuum pump. 
This magnetic sector mass spectrometer in flight configuration weighs 6 . 5  pounds, requires 
3 .7  watts of power, and occupies 172 cubic inches. Its accuracy measuring the pulmonary 
gases and vapor is k2% of the amount of each component, and the sensitivity in flight will be 
100 ppm or  better (it has achieved detection of 3 ppm in the laboratory). The resolution is 
better than one atomic mass unit (amu) up to mass 50, and the maximum amu which may be 
measured is 100, but with less than one &u resolution. 
packaged but not flight qualified. Figure 3-3 shows the inlet, ion source, and analyzer sec- 
tion of this mass spectrometer, Figure 3-4 the complete instrument. Perkin-Elmer has given 
an estimated cost of $30,000 per unit in small lots exclusive of flight qualification for this mass 
spectrometer. The instrument is easily capable of doing a breath-by-breath respiratory an- 
alysis, determining respiratory quotient and measuring the pulmonary diffusion coefficient for 
carbon monoxide. 

However, unlike 

This spectrometer is completely 

The General Electric monopole mass spectrometer is currently being developed into an en- 
gineering feasibility prototype under NASA Contract NAS 8-21217. The estimates for weight, 
power, and volume for a final flight instrument are considerably higher than the values 
achieved by the flight model of the Perkin-Elmer magnetic sector mass spectrometer. How- 
ever, the GE monopole instrument has a range of 0 to 600 amu with unit resolution through- 
out this range. It can thus be used to measure many trace contaminants of higher molecular 
weight i f  such a dual role provides sufficient advantages to offset the added weight and power 
requirements. The weight of a flight qualified monopole mass spectrometer is estimated at 
9 pounds; the power requirement is 15 watts average, 30 watts peak (when at 300 amu); and 
the volume is 504 cubic inches. The accuracy is +2%, and the sensitivity in the laboratory 
3 ppm, both the same as in the Perkin-Elmer instrument. However, due to the ten dynode 
electron multiplier built into the monopole mass spectrometer tube, it is believed that the 
flight model will be able to detect atmospheric components present at concentrations as low 
as 10 ppm. 
each in small lots, exclusive of flight qualification. The speed of response of the monopole 
is 10 milliseconds for each component measured, which for a breath-by-breath analysis 
would be 50 milliseconds. Higher speeds may be achieved, but with some loss in accuracy. 

The price of flight type monopole mass spectrometer is estimated at $40,000 

To compare the three candidate instruments, their important characteristics have been 
tabulated in Table 3-6, The first five lines of the table have been previously covered. The 
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Fi&re 3-3. Mass Spectrometer Configuration and Ion Path in X-Y Plane 

meaning of range applies differently to the UV-IR analyzer and the mass spectrometers. 
??he W-IR analyzer analyzes only for 02, COz and H20, while the magnetic sector mass 
spectrometer can be built to analyze for any six compounds (where there is no mass ref- 
erence) up to mass 100. 
h r  any number of compounds (again assuming no mass interference) up to mass 600, but 
requires about 10 milliseconds for every compound analyzed. 

The monopole mass spectrometer may be programmed to analyze 

The estimate of reliability is based on conversations with the project managers of the 
perkin-Elmer instruments, and the performance of the commercial instrument in the cast: 
& the GE monopole mass spectrometer. The higher rating assigned to the UV-IR analyzer 
? s  because it has no filament exposed to the gas being analyzed. 

h summary, it is believed that the Perkin-Elmer magnetic sector mass spectrometer of- 
fers the capability of making the desired measurements with the minimum penalties for 
weight, power and volume. The GE monopole mass spectrometer could be justified if con- 
siderable importance was attached to the measurement of trace contaminants, or  if the 
small stray magnetic field of the Perkin-Elmer mass spectrometer could neither be corrected 
nor tolerated. 
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Pe rkin- Elme r 
"-IR Analyzer 

Pe rkin-Elme r 
Magnetic Sector 

Mass  Spectrometer 

6 watts 

100 inches3 

20 milliseconds 

~ 

3.7 watts 

172 inches3 

50 milliseconds 

requires entire 
inhalation and 
exhalation 

2.15 gm/hr* 

L 

Range 

Accuracy 

Sensitivity 

Estimated Reliability 

Capable of Measuring the 
Pulmonary Diffusion Coef- 
ficient for Carbon monoxide 

$25,000 $30,000 

Table 3-6. Comparison of Breathing Gas Analyzers 

General Electric 
Monopole Mass 
Spectrome ter 

~~- 

6.5 pounds I 5 pounds 9 pounds Weight 

Power required 15 watts 

504 inches3 Volume 

Speed of Response 

Sample Required 

50 milliseconds 

2 . 3  gm/hr* 

1-600 amu 1-100 amu 

(6 gases only) 

22% f2 % 

6,600 pprn I 100 PPm 

very high 1 hi& high 

Yes no 

I Magnet Required __t__ no 

no 

Radio Frequency Required 

$40,000 Estimated Cost Excluding 
Flight Qualification 

*Lost to space 
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Our studies have indicated that the present capabilities for atmospheric sensing in the S-NB, 
MDA, LM and RCM are inadequate for experimental purposes. We believe that NASA must 
consider an overall environmental assessment, probably including the presence of trace 
contaminants, either as a part of IMBLMS, o r  separately, with the data formatted in common 
with the experimental data in the IMBLMS data management subsystem. 

3.4.2.2.4 Mass, Flow Meter 

Perhaps the least satisfactory equipment area in the study of pulmonary function is related 
to mass flow measurement and sampling systems for the mass spectrometer. Significant 
problems are the phase relation between mass flow and gas concentration. 

Technology, Inc, MFG-16 mass flow meter is perhaps typical of those in use for respiratory 
measurements. It has a time constant of less than 0.07 sec, is linearly within 1 percent and 
has an accuracy of +2 percent of ful l  scale. For this type of response, gas sensors with 
time constants of around 5 seconds are clearly inappropriate. With appropriate sampling 
line length, reasonable phase relations could be established with such a mass flow meter 
and the mass spectrometer. 

3.4.2.2.5 Pressure/Flow/Resistance 

The measurement of pressure-flow relations during pulmonary ventilation requires a meas- 
ure of intraplural pressure. If non-invasive methods only are to be used, needling of the 
intraplural space and esophageal balloons cannot be employed. Access to the intraplural 
space must be via the airway. 
of the airstream which represents an adequate method for IMBLMS. The measure of re- 
sistance obtained is a composite of airway and tissue resistance and has been included as 
the only identified piece of equipment meeting this generalized requirement. 

Airway resistance can be estimated by repetitive interruption 

For field use, the method has much to recommend it, 
resistance by about 10 percent in normal subjects and underestimates resistance by about 
10 percent in subjects with airway obstruction. 

In general, it overestimates the total 

The repetitive interrupter consists of two concentric metal tubes having radial slots 90' 
apart (Figures 3-6 and 3-7). A s  the inner tube rotates, airflow is switched on and off ten 
times per second. A third concentric tube restricts egress of gas and forms the flow meter 
channel. A s  the subject breathes through the interrupter, pressure and flow rapidly equi- 
librate in the open and closed intervals so that pressure measured at the mouth exhibits 
"square waves!' the lower plateau in the tracing measures the pressure drop in the flow- 
meter during flow. The upper plateau gives alveolar pressure at 
is stopped. 
elastic pressure drop in the lungs and airways. 
the pressure change at the mouth is equal to the pulmonary resistive pressure neglected, 
provided intrapleural pressure does not change as a result of interruption. 

when flow 
The difference between the pressure plateaus is taken as a measure of the non- 

Since pulmonary inertance can be negotiated; 
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Because 
flow and 

the motion of a i r  and tissues is made up of viscous tissue, laminar (viscous) air- - 
turbulent airflow the resistive pressure gradient BP = % x F 1 e 6  where F$, is the 

coefficient of pulmonary resistance and flow (F) is to the 1.6 power. In Clement's design 
(J. Clin. Invest; 38: 1262, 1959) the flow meter channel is constructed with nonlinear char- 
acteristics matching the respiratory tract. 

3.4.2.3 Respiratory Summary 

The selection of IMBLMS equipment for respiratory measurement has taken into account the 
experimental procedures involving its use. These procedures involve metabolic exchange at 
rest and during exercise, single breath analysis of pulmonary ventilation, and cardiopul- 
monary relations. 

For metabolic measurements a space suit helmet may be modified for gas sampling both at 
rest and during exercise. 
assembly will be required. For cardiopulmonary relations , the relation of oximeter trac- 
ings to inspired gas concentrations deserves further evaluation. 

For single breath analysis, a mouthpiece - flow meter-sampling 

We have reviewed the utilization of the body.plethysmograph as an IMBLMS device to satisfy 
a variety of requirements, In particular we have investigated an inflatable plethysmograph 
for space application, Such a device does not appear feasible. A major requirement is 
stability of volume to 1/100 of one percent, In view of the uncertain thermal environment, 
such stability cannot be assured. 

A. plastic bag for the estimate of body volume by He dilution may also suffer from the same 
problem. 

3.4.3 METABOLIC AND NUTRITIONAL MEASUREMENTS 

The conduct of metabolic and nutritional studies in space depend upon an accurate estimate 
of input-output relations. Food and water intake measurement is logically a function of the 
feeding system and its design, 
keeping function logically fall within IMBLMS. 

The measurement of food and water waste and the record 

Urine and fecal measurement and sampling are logically a part of the waste management 
system, Sample preservation, storage, recording and/or analysis should be supplied by 
IMBLMS. We do not underestimaie the difficulty of conducting these studies, and IMBLh'IS 
design should accommodate the somewhat awkward interfaces. Biochemical measures are 
considered in another section of this report. 

3.4.3.1 Mass Measurement 

IMBLMS will incorporate the means for assessing body mass and the means for cpnversion 
to lean body mass. 
provided for metabolic balance studies. 

In addition, specimen mass measuring equipment will be needed and 
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3.4.3.1.1 Body Mass 

A basic metabolic and nutritional measurement is body mass. Its basic nature and com- 
monality dictate that the capability should be a part of IMBLMS. 
ment for NASA by AMD will be included. 

The device under develop- 

3.4.3.1.2 Lean Bodv Mass 

For the reduction and analysis of metabolic and nutritional data, an estimate of lean body 
mass is required. We propose the use of the skinfold thickness measurement, body mass, 
and an appropriate nomogram. 
atrophic changes should be considered. 

Anthropomorphic measures to localize fat deposit o r  

3.4.3.1.3 Specimen Mass 

In IMBLMS there are multiple requirements for massing samples in the metabolism and 
nutrition area, For instance, measurement of the amounts of hydrated food which are not 
eaten will be a requirement. Wet and dry weights of fecal waste may be required, For 
biochemical studies tared filter paper might be used, The specimen mass measuring device 
currently under development by NASA will be incorporated, therefore, as a part of 
IMBLMS. 

3.4.3.2 Thermal Stress Responses 

Measurement of metabolic rate and C02 production provided in the respiratory section will 
permit the calculation of the respiratory quotient, 
ness and metabolic-environmental relations will be required under conditions of a thermal 
s t ress  such as exercise or  thermal heating. For this purpose, equipment for the measure- 
ment of skin and core temperature and sweat collection will be provided. 

Further studies of metabolic responsive- 

3.4.3.2.1 Skin and Core Temperature 

IMBLMS will incorporate a thermistor harness providing 12 skin temperatures. 
perature is provided by a thermistor in the external auditory canal. 

Core tem- 

3.4.3.2.2 Sweat 

Provision for the collection of sweat either as a result of exercise o r  thermal stress has 
been discussed in our recent study on collection and preservation (NASW 1562). 
be borne in mind that in  addition to water losses, electrolytes, notably calcium, are lost 
in sweat. Consolazio has proved correction factors for calcium balance studies based on 
the average environmental conditions, 

It should 

i 
hj 

I. 3-28 



3.4.3.2.3 Environmental Variables 

Although IMBLMS contains equipment to assess gas composition and support equipment for 
pressure measurement of the ambient environment, measurements characterizing the 
thermal environment in the neighborhood of the' experimental stations are not specifically 
included. Measurements of a i r  and wall temperature and air flow velocity may subsequently 
be required when more detail related to the space vehicle capability is known and the work 
stations configured, Electronics to accommodate such sensors are already present. 

3.4.3.3 Gastrointestinal Function 

3.4.3.3.1 Endoradiosonde 

Gastrointestinal motility and pH can be assessed by means of an endoradiosonde. IMBLMS 
will support such measurements by the provision of a biotelemetry receiver compatible with 
such a device. 

3.4.4 MUSCULOSKELETAL MEASUREMENTS 

The evaluation of musculoskeletal status will become of increasing importance as mission 
duration is extended, We have amplified the NASA Annex B list in order to assess and as- 
sure the IMBLMS capability to meet NASA's ultimate requirements. 

3.4.4.1 Muscle Mass 

Provision will be made to assess cross section o r  girth at  selected areas of the extremities 
by means of constant pressure calipers, tape measures, o r  ultrasonics. Body mass will 
also be assessed as previously discussed. Measurements of skin fold thickness and lean 
body mass by means of calipers and a nomogram will also be accomplished to establish 
alterations in lean muscle mass to fat ratios. 

. 

3.4.4.2 Muscle Strength 

Both impulsive and sustained muscle strength will be assessed by either a mechanical, 
electronic, or  pneumatic dynamometer. 
at the end of a four-second period will be measured, Hand dynamometry cannot be inter- 
preted strictly in terms of strength. In a GE study involving 30 days of confinement, sub- 
jects showed a significant continued increase in mean force emission during the period. 
Competitiveness (i. e., who scored highest today) may have played a role, Alterations in 
motivation were thought to be related to fluctuations, reversals and narrowing of the dif- 
ferential force emission levels between dominant and non-dominant hands. 

For the sustained measurement, the force present 

3.4.4.3 Muscle Endurance, 

Endurance is a measure of the total time during which the subject is able to maintain a 
specific level of w o k  output. When using the ergometer o r  the whole body exerciser, 
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cardiovascular criteria may be used to establish endurance, i. e. , at constant work rate, 
work time to criterion pulse rate. 

3.4.4.4 Neuromuscular Integrity 

A series of measurements are proposed to assess the various facets of neuromuscular in- 
tegrity. For quantitative data rather extensive manipulanda and displays are required. 

3.4.4.4.1 Voluntary Contractility 

Photogrametry, as  utilized in DB-39-66-055 to study voluntary motor activity and general 
coordination during task performance, is recommended. 
cinematographic capability designed to accommodate anticipated requirements. 

IMBLMS will contain a general 

3.4.4.4.2 Reaction Time 

A simple device with visual or  auditory stimulus, timer, and motor response is proposed. 
GE underwater studies indicate a delayed simple reaction time during neutral bouyancy in- 
dependent of water drag, 

3.4.4.4.3 Coordination 

General coordination can be assessed by performance of experiments within IMBLMS. 
Quantitative measures of fine coordination will require a two-dimensional tracking task 
which will force coordination of force emission and displacement, Gross coordination 
requires major body movements. 
dimensional volume can be used for quantitative data. 
discussed below. 

The precision placement of a stylus within a three- 
Psychomotor behavior measures are 

3.4.4.4.4 Kinesthetics/ProrJriocerJtion 

In order to assess the crewman's psychomotor function, it is necessary to study both gross 
(whole body) and fine (extremity) motor movement. 

As an aid to the study of fine motor movements, it is necessary to analyze motion in three 
dimensions. 
ally view the test field (Figure 3-8). Data reduction, however, is tedious, since the three 
coordinates of hand position must be measured and plotted frame by frame. Wc are aware 
of the Stanford Institute computer program designed to facilitate this analysis. 

The least sophisticated system consists of two movie cameras which orthogon- 

A concept presently under consideration at GE is a system which will measure hand posi t ion 
in spherical coordinates. 
nals ideal for both computation and recording. 
means for studying cerebral palsy patients, but it deserves some consideration 3s .an 
IMBLMS equipment. 

The three coordinates will be recorded as electricd antilog s ~ g -  
This activity was originally intentfctl :IS 3 
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The equipment consists of a modified vfjoy-stick'f with an expandable handle (Figure 3-9). 
The joy-stick will control two pots which give an output signal proportional to the two angu- 
lar coordinates of stick position. 

The telescoping handle contains a wire attached to a take-up spool which applies enough 
tension to keep the wire taut. 
pot (Figure 3-10). The pot's reading is directly proportional to the length of the handle. 

This spool is connected through a gear train to a precision 

With the two angular components from the joy-stick and the radial component from the 
handle, any position in the box of Figure 3-9 may be precisely described in spherical co- 
ordinates. 

There also exists the possibility of servo-driving this equipment. With the crewman grasp- 
ing the handle, his hand may be led through a three-dimensional path. This could be an aid 
in studying proprioception. 

3.4.4.4.5 Tonus 

Muscle tone will be assessed by the EMG. We would recommend an approach involving in- 
tegration of the EMG signal rather than recording of the analog signal. 

3.4.4.4.6 Reflexes 

Standard equipment such as a reflex hammer, tuning fork, two-point discrimination device, 
etc, will be included. 

3.4.4.4.7 Range of Motion 

Range of motion studies can be performed quite simply with a goniometer. 
lightweight and follows and records the range of voluntary movement at the selected joint.. 

The device,is 

3.4.4.5 Bone Integrity 

The inflight assessment of bone density by means of a gamma gauge o r  x-ray device, we 
believe, should be classified as an experimental procedure, and the equipment be provided 
by a separate procurement. Provision for the assessment of calcium balance is presented . 
below. 

3.4.4.6 Musculoskeletal Measurements Summary 

The proposed musculoskeletal measurements by and large overlap those found in the section 
on behavior and the gross evaluation of muscular status primarily revealed by the perfor- 
mance of complex tasks within the IMBLMS itself. Assessment of the biochemical status of 
both bone and muscle is discussed below. 
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Figure 3-9. Analog Approach 
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3.4.5 BIOCHEMICAL, CYTOLOGICAL, AND MICROBIOLOGICAL MEASUREMENTS; 
ON-BOARD VS. POST-F LIGHT SPECIMEN ANALYSIS TRADE-OFF 

3.4.5.1 General 

In our proposal for IMBLMS Phase By we stated "the resolution of the dilemma of on-board 
vs. post-flight analysis of biological specimens appears critical to the development of a real 
space laboratory capability. M Dilemma is synonymous with predicament or quandry, i. e. , a 
situation from which one extricates oneself with difficulty. This difficulty was compounded 
by the plethora of biochemical tests which have been suggested or recommended directly or 
by implication. Our approach to  eventual extrication and problem solution is based on the 
concept of an evolving IMBLMS, which can be adapted to and include newly-developed ana- 
lytical methods and equipment for on-board performance of measurements and/or new 
methods for sample preservation. 

A large number (over 200) of biochemical and hematological measurements has been con- 
sidered during Phase B for lfservicingtl by some version of an IMBLMS. The microbiolog- 
ical and immunological measurements a re  treated separately in a later section of this 
report. The measurements discussed here were obtained from four sources: (1) An in- 
house GE study (this list is included in a proposal to NASA, GE-MSD #7005, dated August 19, 
1966); (2) Appendix A to NASA Contract No. NASW 1562, Collection and Preservation of 
Biological Specimens; (3) Annex B of the IMBLMS Statement of Work; and (4) Tentative 
Priorities for Areas of Medical Experiments, Space Medicine Ad Hoc Consultant Group, 
dated September 15, 1967. In Tables 3-7 through 3-10 these lists have been combined and 
the ltpopularityll of individual measurements noted. Virtually every known clinical test has 
been specified in the first three sources mentioned or  alluded to in the fourth. 

Each measurement has been evaluated first from the standpoint of physiological significance. 
All  tests are not of equal importance. It is, unfortunately, impossible at this time to rank 
the various clinical assays on a completely objective basis. However, the hematological 
and biochemical measurements of interest can be grouped and the groups ranked according. 
to their relative physiological importance. 

The measurements in Tables 3-7 through 3-10 range from common clinical tests, which are 
done by the thousands each day, to relatively esoteric methods which are performed by spe- 
cially trained research technicians in a small number of institutions. While each measure- 
ment aids in depicting the physiological state of an individual, the contribution of about 1/5 
of the tests outweighs the data derived from the other 4/5. Much of the information derived ' 

from the larger group would be essentially corroborative in nature. For the purposes of the 
AAP missions, the tests which could be included in the experiments can be divided into four 
categories: 

GROUP I - Feasible; require small sample; most important in light of present theory 
or experience related to possible physiological problems in space. 

GROUP 11 - Feasible; important; should be done if at all possible, 
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I 
I GROUP 111 - Of interest; but because of size of sample, difficulty of test, smaller 

likelihood of change in the value, or because test(s) in (1) and (2) might 
give the same information, these tests are accorded lower priority. 

I 
I 
I 

I 
1 

GROUP IV - of limited interest; require large sample; difficult to  perform, require 
a specific special study. 

Although various clinicians and physiologists may differ on some details of the categoriza- 
tion, the priority decision made by the Space Medicine Ad Hoc Consultant Group is a step 
in the right direction. Not only the areas of experimentation, but the specific experiments 
and the measurements called for in the experimental protocols must be ranked so that the 
relative importance of any given test can be determined in the light of three criteria: 
1. The physiological significance of the test per -- se. 2. The physiological significance of 
my given test complemented by a small number (2-4) other tests. 30 The priority assigned 
to the experiment(s) which may include a given test in a protocol based upon a rigorously 
developed rat ionale. 

The final priority assignment should result from a trade-off between two factors: an origi- 
nal priority assignment based solely on scientific merit: and a feasibility ranking, based on 
flight schedules, flight qualified hardware lead time and crew skills required. 

It should be noted that experiment protocols are cited because measurements alone, regard- 
less of number or  kind, will  neither define the requirements for, nor justify the need far zm 
orbiting laboratory. 

During the AAP mission the biomedical community hopes to  obtain information regarding 
the effects of long-term exposure to weightlessness on the physiology of man. To obtain 
such information experiments are required in order to ascertain effects upon the various 
bodily functions and systems. When an investigator embarks upon a research project, he 
poses a question: e.g., what happens to circulating electrolyte levels during exposure to  
weightlessness. An experiment is designed to answer the question, Included in this ex- ' 

perimental design are a protocol, what will be done when and the methods, how the 
I_ what will be done. The experimental design may be modified to reflect the difficulties 
with equipment, funding, schedule and the like. The rrwhatrr and rrhow'r required to obtain 
data are then examined to determine what measurements and thus what equipment will be 
needed. (See Figure 3-11.) 

During Phase B of the IMBLMS Program, assumptions have been made because the proto- 
cols for individual experiments and an overall mission experiment plan were not available. 
These assumptions have been used as the basis for IMBLMS design criteria. The pieces 
of informakion, critical to the IMBLMS program, which are directly affected by experi- 
ment protocols are: 

a. Expendables 

1. Weight 

2. Volume 
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_ .  , . . .  

38 Storage Requirements 
4. Disposal Requirements 

b. Equipment 

1. Weight 

2. Volume 

3. Power - Average/Peak 

c, Data Management Requirements 

While values have been assigned to the above in arriving at a design concept, it must be 
emphasized that these values are  assumptions, or have been calculated from assumptions, 
While the approach to solution of the problems of the design of IMBLMS can be defined with 
the information at hand, such approaches to problem solutions fall short of the requirement. 
For actual hardware design and fabrication firm numbers are needed, numbers which can 
be obtained only from specific detailed experiment protocols. 

3. 48 58 2 Measurement Analysis 

The major guidance for this report has been the Tentative Priorities for Areas of Medical 
Experiments set forth by the Space Medicine Ad Hoc Consultant Group. Discussion of cer- 
tain measurements is in order simply to define our approach to the problem of: (1) what 
measurements should be included in the flight experirhents; and (2) which measurements 
should be perforrned on-board and which post-flight on preserved samples. 

3.4.5.2.1 Blood Volume 

One group of physiological parameters of man in space which has elicited a great deal of 
interest are blood volume, plasma volume and red cell mass, During the Gemini flights, 
it was noted that post-flight red cell mass was significantly reduced from pre-flight values 
in both astronauts on all flights where it was measured, In the Gemini IV and V flights, 
plasma volume was also reduced with a resulting decrease in total blood volume. In the 
Gemini VII flight, however, plasma volume increased with the result that total blood volume 
did not change significantly. These findings make tests of these parameters likely candidates 
for flights of longer duration, It is not clear at this point whether the observed changes are 
due to the pure oxygen atmosphere of the spacecraft, "zerof* gravity or  a combination of 
these factors. Adequate ground-based control studies employing oxygen atmospheres at 
reduced pressure would distinguish between these alternatives. 

Testing for these three parameters in-flight may cause certain complications to the protocol 
for these and other experiments, First of all, labeling of plasma with RISA125 is required 
for plasma and blood volume determinations unless a dye is used. For the most' accurate 
determinations of red cell mass, additional labeling with Cr51 is also required. This latter 
isotopic labeling is also useful in determining red cell survival, a measure which may throw 
light on the mechanism of reduction of red cell mass. These isotopes in and of themselves 
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do not interfere with each other because the energy of their characteristic gamma emissions 
are different enough that they can be separated by pulse height analysis using scintillation 
detectors (I 125 - 35 KEV; Cr51 - 320 KEV). These isotopes may, however, interfere with 
isotopic studies of other biochemical parameters. 

Another consideration is that a dose of the two isotopes large enough to be measurable 
throughout the period of study would have to be given the astronaut in one or  more injec- 
tions, Such a total dose might present a health hazard. The actual measurement of the 
radioactivity of a sample is not a complicated procedure so that, if this is performed in- 
flight, little training of the responsible astronaut(s) would be required, although power, 
weight and volume of associated instrumentation may produce significant penalties, But, 
to determine plasma volume and red cell mass, a hematocrit measured at the time of 
sampling is required. This necessitates on-board centrifugation and measurement which 
complicates the total procedure. Despite these drawbacks, however, these parameters 
are known to change under the conditions of space flight so that every effort should be made 
to facilitate their measurement in the IMBLMS system. Because of the short times re= 
@red for changes to appear, measurement of these parameters every two or  three days 
would be optimum. 

3.4.5.2.2 Coagulation 

The Space Medicine Ad Hoc Consultant Group has given Woagulationff (a subheading of 
lTHematologylf) a priority of I1 or 111 (TI-Desirable; III-Of Interest). Some of the parameters 
involved in coagulation were spelled out in NASA Contract No, NASW-1562 ffCollection and 
Preservation of Biological Specimens During Space Flight for Post-Flight Analysis, 
Platelet Count, Platelet Estimate, Platelet Adhesiveness, Fibrinogen, Fibrinolytic Activity, 
Prothrombin Activity, Plasma Thromboplastic Component (PT C) , Antihemophilic Globulin 
(AHG), Clotting Time, and Clot Retraction. No evidence as yet exists, however, that space 
flight will have any effect on any of these parameters. It would seem logical first to deter- 
mine on early flights whether clotting time and bleeding time vary significantly from ground- . 
based controls and from preflight levels. These parameters can be measured simply, in- 
flight, with a minimum of expendables and complication, Should they vary, a plan which 
would have already been implemented as a possible eventuality could be put into effect for 
measurement of some of the more esoteric coagulation factors on later missions. Many 
of the parameters involved require preserved samples because of the difficulty in perform- 
ing the assays in-flight. This approach has the advantage of permitting real-time appraisal 
of the coagulation function as opposed to post-flight measurements on preserved samples, 
A similar protocol might be worked out for other groups of parameters which measure dif- 
ferent aspects of a single behavioral or physiological function. This protocol would call for 
"quick and dirty" gross measurements of the function of interest during an early flight f o b  
laved by (1) no further measurements on later flights if non-significant variaiion is observed 
or  (2) detailed measurements of specific parameters involved in the physiological function of 
interest on later flights if significant variation is encountered, 

as 

Such an approach would permit more detailed study on later flights of physiological and 
behavioral functions which are observed to vary, simplification of the tasks required of 
the astronauts on any one flight, reduction in the sampling protocols, powero weight and 
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volume penalties, a more flexible overall protocol which could be modified as the AAP 
progresses, and possibly reduction in the total number of missions required as answers to 
the question of how space flight affects man's physiology and behavior are found. 

3.4.5.2.3 Leucocyte Functions 

Leucocyte functions are rated as I, Essential, by the Space Medicine Ad Hoc Consultant 
Group. The two tests which this category seems to imply are (1) leucocyte motility and 
phagocytic activity, and (2) leucocyte mobilization. Both of these tests require in-flight 
analysis as opposed to evaluation of preserved samples. They are also difficult to perform 
and require a great deal of care and meticulousness on the part of the technician. The dif- 
ficulty involved is further increased by the absence of appreciable gravity. Even an experi- 
enced technician would find them hard to perform under such conditions. It may take an 
inordinate length of time to train an astronaut to the necessary level of technical competence. 
The question arises in view of these problems whether these tests are indeed essential o r  
whether the inherent difficulties outweigh their desirability. On what basis was leucocyte 
functions given an essential priority? Is there reason to believe that they will change? A r e  
there simpler tests which could be substituted during early flights which could determine the 
essentiality of doing these more complicated tests on later flights? These questions point up 
a possible shortcoming to the approach which has been taken for selecting measurements 
for IMBLMS. The attitude seems to be, "We must cover every bet before any result is in. If 
This is diametrically opposed to the approach taken by most biological and physical scientists 
who alter, subtract from, o r  add on to their experimental protocols empirically as early 
results point the way to the necessity of performing and the detailed approach required for 
further experiments. 

3.4.5.2.4 Hormones 

Practically every hormone known to be produced by the human body has been suggested by 
NASA on one of its lists as  a parameter to be studied in manned space flight. Clinical chemi- 
cal procedures for assaying these hormones are extremely difficult and complex for the most 
part; many require bioassay techniques. Measuring them during space flight is, with the 
present state-of-the-art, out of the question. Many would require the maintenance of unique 
animal colonies on the spacecraft which could not be used €or measurement of other hormones. 
E these assays are to be done at all, they must thus be performed on preserved samples of 
blood and urine. 

An additional difficulty in the measurement of hormone concentrations in blood and urine is 
that often large samples are  required, If provision is made to measure all parameters in 
duplicate to increase precision, these large samples mu& be doubled in volume. Power, 
weight and volume penalties for adequate storage techniques or for expendables for measure- 
ment in flight may become prohibitive. 

A more fundamental question can be raised concerning hormone measurements:. is there any 
reason to believe that some of these will change? An empirical approach could be taken to 
this problem. Initial flights could compare pre- and post-flight measurements of the hor- 
mones of interest with the possible addition of one mid-flight measurement either in space 
or on preserved samples on the ground. These measurements could also be compared to 
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ground-based controls which would spend the duration of the flight in a hypobaric chamber 
supplied with the same atmosphere as the spacecraft. If no change is noted between pre-, 
mid- and post-flight hormone levels, no further study of the hormones which are not altered, 
is needed. If changes are noted, but no differences appear between flight values and ground- 
based controls, the same data can be obtained by more intensive study of the hypobaric sub- 
jects with more frequent sampling for the hormones involved. This approach could greatly 
reduce the expense and complexity of later flights even though the eventuality that zero- 
gravity affects hormone levels differently with consequent requirement for more intensive 
sampling and study during flight would have to be prepared for. 

There are a number of hormone studies in the NASA lists which are redundant or insignifi- 
cant for one reason or another. In NASA Contract No. NASW-1562, serum catecholamines 
is one of the parameters noted. The level of catecholamines in the blood represent trans- 
itory phenomena only; it would be more valuable to study the excreted levels in the urine 
over 24-hour periods which would indicate average blood levels for the period. Antidiuretic 
hormone in the same list calls for measurement in both the blood and the urine. One or  the 
other might give the desired information by itself, All  of the hormones produced by the 
anterior pituitary (ACTH, FSH, TSH, and Growth Hormone) are  listed by the Space Medicine 
Ad Hoc Consultant Group with a priority of 111-Desirable. Changes in the levels of excreted 
steroids may measure ACTH and FSH levels indirectly; if these change during initial flights, 
provision could be made for sampling the stimulating hormones during later flights. For 
TSH, PBI yields an indirect measure and the same approach could be taken with this hormone, 

The Ad Hoc Group lists the following thyroid gland secretions as  ''Of Interest:'! PBI, TBG, 
BEI, and Thyroxine, NASA Contract No. NASW-1562 also lists TBPA. These separate 
measurements are redundant unless an abnormality is observed in the easiest to measure, 
i. e. , PBI. The same approach suggested above could be taken with these. For the para- 
thyroid (l1Of Interestf1) the Ad Hoc Group lists serum calcium, tubular readsorption phos- 
phate, calcium infusion, parathyroid hormone, parathyroid (?), and thyrocalcitonin. The 
hormones are extremely difficult to  measure; calcium infusion requires a difficult and pos- . 
sibly hazardous procedure, Serum calcium, however, is relatively easy to measure. This 
could be assayed on early flights and, if changes not observed in confined, hypobaric, space- 
craft atmosphere, ground controls occur, the other parameters could be studied in later 
flights. As  for pancreatic islet tissue (?!Of Interest"), the Ad Hoc Group lists insulin and 
glucagon, Both hormones are very difficult to assay. Serum glucose, however, reflects 
the activity of this gland and, if early flight (not control) data on serum glucose shows sig- 
nificant changes in its level, previously planned implementation could be put into effect to 
study the hormones on later flights. 

For  the adrenal cortex (given a priority of II-Desirable), the Ad Hoc Group recommends 
study of 17-ketosteroids, 17-OH corticosteroids, (ACTH Stim. ) (1) and aldosterone. Ex- 
creted levels of these hormones in preserved urine samples could be studied with only 
moderate difficulty. Because of their significance with respect to stress and electrolyte 
balance, they should probably be studied on early flights. Again, however, ii no significant 
change is observed (including comparison to ground controls), measurement on later flights 
could be omitted. The Ad Hoc Group lists the following neurohumeral hormones with a 
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priority of 11-Desirable, also: serotonin, histamine, catecholamines, epinephrine and 
norepinephrine. To simplify sampling and measuring protocols, it would be well to study 
only serotonin and catecholamines excreted in the urine on early flights. Lf significant 
changes are observed, provision could be made for additional studies on later flights, (In 
all of the above, it is assumed that early flight protocols will call for sampling for the indi- 
cated hormone constituents only once a week at most; later flights would require more fre- 
quent sampling and measurement or preservation if significant changes are observed. ) 

The gonads are given a priority of III-Of Interest by the Ad Hoc Group. The listed measure- 
ments are 17-ketosteroids, spermatozoa and testicular biopsy. 17-ketosteroids are being 
measured already for other purposes (adrenal cortex), Specific provision could be made for 
measurement of urinary testosterone. This, however, would require a urine sample of 300 
to 500 milliliters. Because of this, and the nature of the other two measurements (one of 
which would require anesthesia, restraint and sterile operating room technique), it would 
seem better to make the gonads the subject of a separate experiment rather than a part of 
the IMBLM system. 

Testicular biopsies should be omitted based on the fact that the procedure is too complex for 
on-board performance and because of the pain and risk involved. 

3 . 4.5 . 2.5 Nitrogen Balance 

Under "Metabolism and Nutrition, 2. Neuromuscular" on the priorities list of the Space 
Medicine Ad Hoc Consultant Group is found Nitrogen Balance and Creatine Metabolism. 
These are accorded a priority of 11-Desirable, 

Nitrogen balance superficially appears to be a simple thing to measure. Total nitrogen 
ingested less nitrogen excreted represents the balance. In practice, however, it is ex- 
tremely difficult to do this. One must measure the total nitrogen content of food ingested. 
Careful measurement of food intake throughout a given IMBLMS flight plus pre-flight deter- 
mination of nitrogen concentration of various foods used would be required. In addition,. 
total nitrogen determination in all excreted urine and feces as well as sweat would be re- 

' 

quired. 

This would necessitate pooling of 24-hour urine outputs, measurement of total volume ex- 
creted, sampling and nitrogen measurement of this total output; pooling of 24-hour feces 
excretion, measurement of total mass excreted and sampling and nitrogen measurement of 
this total, Even with this degree of complexity, errors  can occur, Excretion of ammonia 
and other volatile nitrogenous compounds from the lungs is not measured. In the case of 
diarrhea, flushing out of the microflora of the intestines would lead to excreted values 
which would be spuriously elevated, implying a negative balance. It may be considered 
most advantageous from a trade-off to store samples of feces and urine for total nitrogen 
determination, In this eventuality, possible loss of volatile nitrogenous compounds might 
indicate a positive balance. 

Because of the complexity and inherent inaccuracies in this approach to studying nitrogen 
balance, it would seem logical to use a simpler approach on early flights, W e  are dealing 
with subjects who are in the top tenth of the population with respect to health and physical 
condition. Little change if any would be expected in nitrogen balance given ad-libitum 
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feeding of a balanced diet during space flight. Pre- and post-flight determination of lean 
body mass on early flights will indicate whether there is any gross change in the total protein 
of the subjects' bodies. If a change is seen to occur, provision can be made for determining 
total nitrogen balance on later flights. 

Creatine metabolism can be studied at a variety of levels. The simplest is to measure the 
creatine and creatinine contents of serum and urine. These by themselves are  indicators of 
the rate of muscular activity. If it is seen that they vary in some unusual way in astronauts 
in a spacecraft as  compared to  ground controls, an attempt might be made on later flights to 
study the intermediates of creatine anabolism in blood and urine including creatine phosphate 
which is the energy carrying form of this compound. 

3.4.5.2.6 Water and Electrolyte Balance 

The Space Medicine Ad Hoc Consultant Group has accorded water and electrolyte (Na, K, C1) 
balances a priority of I-Essential as  areas of medical experiments in manned space flight. 
Since dehydration occurred in the astronauts on some Gemini flights, these measures deserve 
this high priority. 

Water balance is not an easy thing to measure. Gross, inevitably inaccurate estimates can 
be made from water ingested and total urine outputs, but this does not take into account the 
water content of foods ingested and of feces and sweat excreted. These latter three meas- 
ures are difficult at best and may be impossible to do in space. Water content of foods 
could be determined pre-flight and, if accurate accounts of the total food mass ingested 
were kept, an estimate of water ingested in this form- could be made. Feces moisture con- 
tent can be determined by dry weight determinations using a moisture balance. This could 
not be done easily in space and would have to be determined on feces preserved in tightly 
sealed containers for post-flight analysis. This would mean that all feces excreted during 
flight would have to  be preserved for accurate post-flight determination. Sweat output 
presents a tremendous problem at the present state-of-the-art and could represent a sig- 
nificant water loss in case of severe temperature excursions in flight suits. 

Electrolyte balances present problems similar to those of water balance. Total Na, K, Ca 
and C1 ingested in foods and excreted in urine, feces and sweat would have to be deter- 
mined. Both electrolyte and water balance should be determined if possible on-board be- 
cause of their importance to the health and well being of the astronauts in the event of di- 
uresis, water retention, diarrhea, vomiting or  dehydration. A quick measure of the state 
of electrolyte balance can be obtained by estimating the Na, K, Ca and C1 concentrations 
of serum. I3 these are seen to vary significantly during early flights, more exhaustive 
procedures can be used in later ones. In the case of electrolytes, d so ,  loss through 
sweating presents the most difficult measurement to make. It is possible, however, which 
is not the case in the output of water volume as sweat. Regular washing of astronauts 
underwear in distilled water plus pooling with water used to rinse the body surface can 
give a fairly accurate measure of electrolyte loss via this route. A conceptual design for 
an on-board washing machine is described in the final report on contract No. NASW-1562, 
Collection and Preservation of Biological Specimens. 
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15. , 7  Radioactive Isotopes 

On-board analysis of radioactive isotopes used for plasma volume (I1z5) and red cell mass, 
survival (Cr51) plus isotopes used for other physiological measures would probably require 
equipment which would produce significant power, volume and weight penalties, The meas- 
urement of a single isotope would produce less of a problem. Simple Geiger counting appa- 
ratus with adequate shielding against space radiation would be sufficient. But when more 
than one isotope is used in a single subject, pulse height analysis using scintillation counters 
or proportional counters would be required. This would necessitate more complex, heavier 
and larger equipment and manpower. In addition, digital computer data handling techniques 
would be required to analyze the radiation emission spectra of the elements involved in order 
to determine the quantity of each isotope present in a sample. This would be true regardless 
of the type of emission (a, y, position). 

Preservation for post-flight analysis greatly simplifies this whole problem. Power, weight, 
volume and data complexity could all be handled with ease on the ground and the radioactivity 
of samples is stable in the face of any technique of preservation; decay occurring with time 
can be readily calculated, 

Radiation effects on hemopoetic nucleated cells are accorded a priority of II-Desirable-by 
the Space Medicine Ad Hoc Consultant Group, This would require bone marrow aspirations 
with consequent necessities of sterile equipment, aseptic technique, local anaesthesia, 
immobilization of the subject, etc. Not only are repetitive marrow biopsies out of the ques- 
tion, even one is too many. The procedure is excruciatingly painful, the risk involved is 
very high and the taking of such a biopsy is, by no stretch of the imagination, routine. 

3.4.5.2.8 Energy Metabolism 

One of the areas of hwnan physiology where changes may occur due to the virtual absence 
of gravity in space flight is energy metabolism. There are some indirect, non-invasive. 
techniques for studying metabolism, but a thorough appraisal necessitates blood and urine 
samples for analysis of some of the intermediates and end-products. The Space Medicine 
Ad Hoc Consultant Group lists the subdivisions of Metabolism (Energy) with the following 
priorities: 

a. Total - I 

b. Carbohydrate - I 
C. Fat - II 
d. Enzymes - 11 
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e. Protein - II 
f. 

go 

Total Body Mass - I 
Lean Body Mass  - III 
I = Essential; II - Desirable; ItI = Of Interest 

As a minimum, the biochemical tests which such a study of energy metabolism would re- 
quire, follow: dynamic carbohydrate (glucose tolerance test), blood lactate/pyruvate, urine 
ketone bodies, fat tolerance test, serum lipids, phospholipids, fatty acids, serum and urine 
proteins, 01 - amino nitrogen, non-protein nitrogen, urea nitrogen, uric acid, and inorganic 
phosphate. It is not clear what is meant by rfenzymes'' in the Ad Hoc Group list. Does this 
mean enzyme metabolism or the enzymes involved in metabolism? If the latter, an enor- 
mous list of circulating enzymes could be generated among them, amylase, lipase, alkdline 
phosphatase, glutamic oxaloacetic transaminase, glutamic pyruvic transaminase, AMPase, 
ATPase, etc. For the sake of simplicity and logic, it would seem reasonable to assay blood 
and urine for the constituents of the previous list of factors on early flights and go to more 
detailed tests on later flights if abnormalities different from ground controls are noted in 
these. Provision for this type of eventuality must be made, of course, from the outset. 

The question can be asked, are there still simpler and fewer measurements which could be 
used on early flights for a general evaluation of energy metabolism. As it is, our basic 
list includes twenty measurements of varying complexity some of which could be done in 
flight but most of which must be done on preserved samples with the consequent possibility 
of change in the concentrations of substances of interest, E a still simpler list of meaa- 
urements could be generated, the experimental and sampling protocols for early flights 
could be further reduced in size and complexity with resulting reduction in power, weight 
and volume penalties. A graduated approach could then be taken so that additional param- 
eters for measurement could be added stepwise to later flight plans with elimination of 
entire aspects of metabolism that show no change or a change which is insignificant when 
compared to  ground controls. 

3.4.5.3 On-Board Versus Post-Flight Measurement Trade-off 

Due to the nebulous nature of (a) the "experiments" to be supported by an IMBLMS, (b) the 
missions on which an IlMBLMS may be flown and (c) the flight schedule to  which we are 
working, a number of assumptions and definitions were made and are discussed below. It 
is anticipated that subsequent iterations of this trade-off will be performed during Phase Cy 
as experiments are refined and a better picture obtained of what measurements will be 
made during each experiment. 

Several factors were used in the trade-off and were weighted from an operational viewpoi&, 
io e. , what can be done during the available time before a mid-1970 launch using state-of- 
the-art technology. 
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These factors, their weights and definitions are: 

a. Safety 10 - Safest - 
1 - Most Haz~~doUs 

This is the most important factor and, hence, a safe, on-board analysis was 
accorded a value of 10. 

The term safety, in this trade-off, encompasses: 

1. The amount of volatile materials (e.g., ether) used and/or added to the 
spacecraft atmosphere . 

2. The presence and mounts of hazardous compounds (e.g., sulfuric acid, 
cyanide salts) used. 

3. The chemical stability of the mixtures of compounds. 

4. The handling of toxic and/or hazardous chemicals. 

5. The reduced pressure and oxygen-enriched atmosphere of the vehicle. 

b. Complexity 8 = Least Complex 
1 = Most Complex 

Included in complexity are the: 

1. Number and type of manipulations 

2. Dexterity and facility required 

3. Number of different pieces of e i ipment  

4. Time of performance 

c. Skill/Training Requirements 6 = Least Skill/Training Requirements 
1 = Most Skill/Training Requirements 

This factor assumes individuals with an engineering degree and test pilot expe- 
rience. At this time, there is no way to determine the laboratory expertise of 
the new crop astronauts with scientific or medical training. Available information 
indicates that the values assigned in the trade-off will not be significantly changed; 
the training times assume astronaut cooperation. The skill/training requirements 
were assessed on the following bases: 

1. 

2. 50 hours of training 

Idiot proof, 10 hours of training 
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3. 50-200 hours of training 

4. 200 hours of training 

5. 

The training times include that needed for sampling and operation of several pieces 
of equipment common of analyses. 

200 hours plus prior training and experience 

d. Physiological Significance 4 - Most Significant 
1 = Least Significant 

The analyses listed were categorized by the following descriptions: 

1. Most important in the light of present theory o r  experience related to possible 
physiological problems in space. Feasible to do analysis on-board, requires 
small sample. 

Should be done if at all possible, important, feasible to do analysis on-board. 2. 

3. Of interest, but because of sample size, difficulty of test, smaller likelihood 
of change in value, or, because test(s) in (1) or (2) might give the same in- 
formation, these tests are  accorded lower priority. 

4. Of limited interest, require large sample, difficult to perform analysis, re- 
quires specific special study. 

e. Lead Time for modified and/or simplified methods and hardware development. 

Estimated Lead Time 

0-6 months 
6-12 months 
12-24 months 

24 months 

N.B. - No obj ctive criteri are known to be available therefore, all 
factor weights are subjective, i. e. , best judgment. 

The weights accorded to  the factors reflect an operational point of view; therefore, safety 
becomes the overriding consideration. Complexity and skill/training requirements are 
measures of crew involvement, both prior to and during flight. While not as important as 
safety, these two factors are very real operational constraintso Although physiological 
significance is of prime importance, it is not given the highest weight because we are taking 
a pragmatic view, io e. , what can be done within the known operational constraints. Lead 
time for development of on-board methods and equipment has been included because analyti- 
cal procedures and apparatus suitable for on-board use are not off-the shelf items. 
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Table 3-11 shows the weightings assigned for those measurements derived from the IMBLMS 
Statement of Work. The weightings were multiplied in an effort to obtain a distribution curve 
and natural break-points, but the inherent procedural difficulties, as  well as the safety prob- 
lem, relegate most of the measurements to later flights as f a r  as on-board analyses are 
concerned. Within the limitations imposed by a mid-1970 launch, most samples will be 
preserved. Evaluation of the other measurements in Tables 3-7 through 3-10 corroborates 
our opinion that all biochemical measurements wil l  be done on the ground on preserved 
samples. A lirnited number of hematological measurements can be done on board, not be= 
cause the equipment is available but because development time will be short, i. e., less than 
one year. 

Table 3-12 shows the sampling regimen for each astronaut based on a 7-day rotating schedule 
previously described to NASA in the final report of contract NASA 1562, Collection and Pres- 
ervation of Biological Specimens. The total number of samples for a 3-man crew on a 56 day 
mission is shown in Table 3-13. The expendables used for on-board analyses, including col- 
lecting samples, are  listed in Table 3-14 and the expendables needed for sampling and pres- 
ervation are listed in Table 3-15. 
Both the sample volumes and expendable requirements are based on the aforementioned 
7-day rotating schedule. 

3.4.5.4 Trade-off Conclusions 

The measurements to be performed on-board are: 

a. TotalRBC 

b. TotalWBC 

e. Urine pH 

d. Hematocrit 

e. Clottingtime 

f. Bleeding time 

Unfortunately, with the exception of urine pH, none of these measurements is accurate and 
precision is usually poor; all of the measurements have a low order of physiological sig- 
nificance. 

, Under study now are analytical methods with simplified procedures and equipment. Dr. 
Samuel Natelson, of the Michael Reese Hospital in Chicago, has, under NASA Contract, 
developed simplified methods for BUN, glucose, total protein and albumin, and blood cal- 
cium. However, the precisions and accuracies of these methods are not yet as good as  
those obtained with conventional wet chemistry and the estimated lead time for  development 
of acceptable procedures and hardware is about 2-1/2 years. Therefore, they would be 
available for later IMBLMS flights but not for the first one which is scheduled for mid-1970. 
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Table 3-14. Expendables Required for Sampling and On-board Analyses 

Item 

Blood Diluting Pipette 

Blood Diluting Pipette 

Sterile Lancet 

Sterile Lintless Swabs 

Disinfectant Ampules 

Red Cell Diluent 

White Cell Diluent 

Water 

Capillary Tubing 

pH Paper 

@-Man Crew , 56-Day Mission) 

Used to Collect 
Perform 

Total RBC 

Total WBC 

Capillary Blood Analyses 

Disinfect Fingers 

Disinfect Fingers 

RBC Count 

WBC Count 

Flush of Hemocytometer 

Hematocrit, Clotting Time 

Urine pH 

16 8 

16 8 

168 

16 8 

168 

450 

450 

1800 

45 feet 

5 rolls 

Table 3-15. Expendables Required for’ Sampling and Preservation 
@-Man Crew, 56-Day Mission) 

Item 

35 ml Syringe 

30 ml Syringe 

25 ml Syringe 

15 ml Syringe 

Sterile Lintless Swabs 

Disinfectant Ampoules 

Feces Transfer Tube 

Used to 
Collect 

Blood 

Blood 

Blood 

Blood 

Feces 

Sample Used for 
Analyses Requiring 

Serum; whole blood; 
hemolyzed, diluted blood 

Serum; deproteinized 
blood 

Citrated Plasma 

Oxalated plasma 

Disinfection of veni 
puncture site 

Disinfection of veni 
puncture site 
Feces 

Sweat - Collection bag used for storage, no expendables 
Urine - Direct transfer from WMS to storage container 
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72 

24 

24 

24 

144 

144 
168 



Natelson’s methods, the basis of which are briefly outlined in the SPAMAG Report, can 
probably be adapted to a number of the biochemical tests under consideration. However, 
the sensitivity required for numerous assays, such as 17-Ketosteroids, and the specificity 
required for assays such as electrolytes are factors that may preclude many analyses from 
this approach to simplification. 

It is most probable that the preservation function will always be a part of the IMBLMS con- 
cept. More analyses may be performed on-board as methods and equipment become avail- 
able, but it is highly unlikely that during the Apollo Applications Program a sufficient number 
of methods with the requisite sensitivity, precision and accuracy will be developed to permit 
all analyses to be performed on-board. Furthermore, even for those analyses which can be 
done in orbit, it would be advisable to preserve samples for corroborative assays to be per- 
formed on the ground. 

Omission Of Measurements 

With the multitude of clinical tests suggested, it would seem that a reduction of this array 
is definitely in order. Tables 3-12 through 3-15 categorize these tests in terms of physio- 
logical significance. Not only should measurements of greatest significance be done first, 
if possible, but other measurements which are redundant or do not yield worthwhile in- 
formation should be omitted from further consideration. Measurement criteria are as-  
cussed in the final report, NASW 1562, Collection and Preservation of Biological Specimens. 
Table 3-16 lists tests suggested for omission from further consideration during the IMBLMS 
program. 

3.4.5.6 Training 

Regardless of how many tests are performed on-board and how many analyses are scheduled 
to be done post-flight on preserved samples, a certain minimum amount of training will be .  
necessary for simple collection and preservatioii in addition to schooling in the analytical 
procedures to be used. For the first generation IMBLMS, a minimum of 150 clock hours of 
training is predicted for sample collection and preservation with an additional 80’clock hours 
needed for the simpler hemotological techniques. The most important element of a success- 
ful  course of training in collection and preservation methods and on-board analytical tech- 
niques will be the selection of astronauts who are strongly motivated to assist the scientific 
and medical communities to obtain meaningful data during orbital flight concerning the various 
physiological changes which may occur with time. 

Overall crew training requirements will be governed by the presence or  absence of a crew 
member with prior experience in clinical laboratory procedures. With the present crew 
selection criteria, the most likely astronaut candidates who would have some applicable 
experience would be Flight Surgeons. These individuals, though, will still need some meas- 
ure of training because most of the blood-letting, urine and feces sample taking, sweat col- 
lecting and bacteria swabbing is, in practice, done by paramedical personnel, e. g. , nurses, 
technicians. Familiarity with the procedures and the background necessary to appreciate 
their use a re  assumed to be implicit in the title Flight Surgeon. 
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Table 3-16. Test Suggested for Omission From IMBLMS Program 

Test 

Glucose Tolerance) 
'Fat Tolerance ) 

Blood Lactic Acid 

Blood Catecholamines 

Thyroxine - BEI, TBG, and TBPA 

Platelet Adhesiveness 

Clot Retraction 

WBC Motility, Mobilization, and 
Phagocytic Activity 

AHG ) 
Irl'c ) 

Calcium Infusion 

Glucagon 

Growth Hormone 

Histamine 

Hypothalamus 

FSH (Gonadotropin) 

Testicular Biopsy 

TSH 

Thyrocalcitonin 

Bone Marrow Biopsy 
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Reason for Omission 

Too many samples within a short period of 
time 

Overly susceptible to major technical error  

Represent transitory phenomena only 

Difficult to measure; PBI probably 
sufficient 

Requires prohibitively large volume of 
blood, highly variable results, of 
doubtful significance 

Inaccurate and imprecise 

Of dubious clinical significance 

Unlikely to change in healthy adult 

Not suitable for in-flight performance 

Pancreatic Q -cell changes unlikely 

Assay of little significance in adult 

Test of dubious significance 

No direct chemical means available for 
measuring hypothalamic activity 

Significant changes highly unlikely 
in adult 

Too complicated for on-board per- 
formance; painful, some risk involved 

Only done if significant change in PBI 

of dubious import 

Excruciatingly painful procedure, 
definitely not routine, considerable 
risk involved. 



Case 1. Flight Surgeon a Crew Member - The flight Surgeon should be assigned prime 
responsibility for all collection, preservation and analytical procedures. His  training 
would be essentially the same as that of other crew members, but during the training 
sessions he would act as a Uboratory instructor;'f thus by assuming a teaching role, 
he would improve his own performance. The more facile of the other two crew mem- 
bers should be assigned as  back-up man. 

Case 2. No Crew Member With Prior Clinical Laboratory Experience - The same 
training course would be used. However, a crewman assigned as back-up man in one 
crew, would be assigned prime responsibility in another crew. He would, therefore, 
go through the training twice. bring the second time around, he would act as %.bo- 
ratory instructor" and another crew member would become the back-up man. A train- 
ing regimen need not involve separate, formal classroom and laboratory sessions be- 
cause of the small number of students. It is recommended that the classes be kept 
small and restricted to not more than two flight events. An outline of the training pro- 
gram follows: 

Subject 

Orient at ion 

1. 

2. 

3. 

4. 

Clock 
Hours 

Results of Pre- and Post-Flight Physiological and Biochemical 3 
Measurements on Astronauts. 

Demonstrations of equipment and procedures used (e. g., EGG, 
urine saxnpling, tilt table, etc.) 

Discussion of biological and medical experiments in which crew 
members will serve as subjects (why experiments are being 
performed, experimental design, etc. ) 

Demonstrations of equipment and procedures to be used by or 
on crew members. 

Laboratory Procedures Training 

1. General (need for care, attention to detail definitions, e,g. , 
cleanliness VS. sterility, etc. ) 

2. Sterile Technic (what it is and why it is important) 

3 . Microbiological Sampling 
Microbiological Sampling Review 

4. Microbiological Culturing 

6 

6 

12 

3 

3 

6 
2 

4 
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Subject Clock 
Hours 

Laboratory Procedures Training (Continued) 

5. Microbiological Sample Handling 
Microbiological Sampling and Handling Review 

6 
3 

6. Collection of blood (venipuncture, lancet) 3 

7. Handling of blood (preparation of serum, plasma, storage 
pre se mat ion) 
Review of blood collection and handling 

3 

3 

8. Urine Collection and Handling, Urine pH 
Review of Blood Collection and Handling 

9. Sweat Collection and Handling 3 

10. Feces Collection and Handling 
Review of Blood Collection and Handling 

2 
1 

11. Clotting time, bleeding time and hematocrit determinations 3 

12. Total red and white counts, use of microscope 32 

13. Preparation of blood slides 2 

14. Review of Hemotologocal procedures 3 

Flight Simulation 

1. Experiment Protocol Discussion 3 

2. Run-thru of sample collection and handling required by 
flight experiment plan 6 

3 3. Familiarization with flight experiment prototype equipment 

4, Review of sample collection and handlillg procedures using 
prototype flight equipment 6 

5. Review, in lab module mockup, of sample collection and handling 
procedures, using prototype collection, handling and preservation 
equipment and on-board analytical equipment '. 40 
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Subject Clock 
Hours 

c 
I 

E 
t 

Flight Simulation (Continued) 

6, Review in flight simulator, of sample collection and 
handling procedures and on-board hemotology using 
flight-type equipment 50 

TOTAL 230 Hours 

The microbiological aspects of the training are listed early in the course because this is a 
logical place to  discuss sterile techniques and the consequences of a breach of sterility. It 
should then be easier for the student to grasp the reaons for aseptic collection of blood and 
to understand the reasons for the extreme care in obtaining samples of urine, feces and 
sweat. 

Insofar as possible, all samples collected should be subjected to analysis. The samples 
obtained during training can be used as controls and to establish a preflight baseline for  
each man. Likewise, the hemotological assays performed can be used as part of the base- 
line. 

3.4.5.7 Measurements Which Should Be Experiments 

After evaluation of the more than 200 biochemical, hematological, cytological, microbio- 
logical and immunological measurements suggested for the AAP and IMBLMS flights, a 
few, which pose special problems are hereby proposed for consideration as experiments 
per se rather than measurements. These are: 

a, Chromosomal Integrity (Karyotyping) 

b. Immunological Evaluation 

c. Microbiological Evaluation/Microecology Variations 

3.4.5.7.1 Chromosomal Integrity (Karyotyping) 

The culture of leucocytes is required for examination of chromosomal aberrations in the 
white cells. Tissue culture of m y  kind requires extreme care, manual dexterity and 
meticulous attention to detail. Culture of leucocytes or any other cells, is routine only in  
laboratories properly equipped for this endeavor. To take a sample of blood and start a 
leukocyte culture in orbit would be quite an accomplishment, particularly in view of the 
reagent needs, such as fetal calf serum, phytohemagglutinin and an incubation require- 
ment that 5% C02 in air be bubbled through the medium. The solution to the problem of 
performance during flight, even with a thoroughly trained individual could be approached 
by use of an integral unit, designed around a glove box which would be required for 
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transfer of cells. Simplified methodology and culture vessels adapted to  the weightless 
efivironment would be required. To take a complex procedure and make it idiot-proof 
fn one fell SWOOP, is highly unlikely. The necessity of additional training for the astronaut- 
e w e r b e n t  over and above the 230 hours needed for simple hematological procedures, 
sample collection, and preservation must be taken into account. If culture maintenance is 
the only on-board task, approximately 80 hours of additional training would be sufficient. 
mt, if any interpretation of mitotic competence or chromosomal change is desired, the 
mount of additional training, needed, over and above the 80 hours, increases sharply to 
approximately 250 hour so 

Before such a complex procedure is planned for in-orbital performance, all of the steps 
needed to make the procedure work should be tested in flight. First, the means to keep 
cultures viable for 30, 50 or  100 days must be found, then the procedures developed to  
initiate cultures during flight. Next the pieces can be put together and the method and 
equipment tested. Finally, experiments can be performed. But to try to develop and test 
methods at the same time an experiment is in progress would cost more time, in the long 
run, than a stepwise approach spread over several flights. 

3.4.5.7.2 Immunological Evaluation 
1 

The change with time, in titer of a31 antibody against a specific antigen has been observed. 
Thus, booster shots for tetanus, smallpox, and the like are given routinely. Subclinical 
infections also trigger anamnestic reactions and aid in keeping titers high against those 
organisms, both bacterial and viral, that are normally encountered. When a man, re- 
moved from the normal world filled with its multitude of antigens, is confined within an 
ecosystem, limited in its viral and bacterial components to those present at the start of 
a mission, it is reasonable to ask about maintenance of antibody titers. However, the 
assessment of antibody titers can only be done in terms of specific antigens. An array of 
antigens (viruses and bacteria) will have to be chosen against which titers can determined. 
The initial array is factored into the experimental design, but changes can and should be 
made as flight experience is gained. Before on-board titration can be attempted, suitable 
equipment must be developed. Micro-methods and capillary tube procedures are available 
which could be adapted to  flight use, but antigen preparations pose a safety hazard. If 
lyophilized organisms, which can be stored with a high degree of safety, are used, then 
precautionary measures must be taken to insure that handling and disposal of the recon- 
stituted antigenic organisms can be accomplished without danger to the crew. It is recom- 
mended that preliminary assessment of antibody titers be performed on preserved serum. 
The first on-board determinations can either be a few (2-4) complete titers or a number 
(15-20) "Yesfr or lrNof' type determinations, i. e. , has a titer for a given antigen fallen below 
a set level. Only after in-flight experience is gained, and preliminary results evaluated 
and factored into experimental design, can full-fledged titrations be done in orbit. It is 
fur ther  recommended that the number of titers of interest be limited, e.g, 4-6, for the 
first one or two missions unless considerable improvements in methods and equipment are 
forthcoming in the near future; otherwise, the information obtained will represent a number 
of gross determinations rather than precise data, 
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3.4.5.8 Microbiological Evaluation/Microecology Variations 

I 
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Unfortunately, there are no %ormal" or  %tandardtl values for numbers of genera of the 
microflora indigenous to man. The collection, preservation and assay techniques are not 
as well defined as those for blood, urine, feces and sweat, and are so closely interrelated 
that the discussion on microorganisms has been kept as a whole. 

Each individual has both on and within hlm his own personal indigenous population of micro- 
organisms. Within, and on, a healthy person, the microfloral population is maintained in a 
state of dynamic equilibrium. Differences in genera, species and/or serotypes of the mem- 
bers of this population occur between individuals and on the same individual when a change 
in environmental conditions occurs. These changes appear relevant to a consideration of 
the closed ecology found during long-term manned space flight. 

The %ormaltl microbial population of a variety of individuals has been examined in the con- 
text of everyday life. The constitution of the microbial population of a given individual is the 
result of numerous interactions with the flora of other individuals, airborne microorganisms, 
and those found in or on food, water, clothing and the myriad of inanimate objects with which 
one comes into contact during daily routines. 

Isolation and confinement of a group of individuals changes the microbiological parameters 
quantitavely but not necessarily qualitatively. These changes, however, are of such mag- 
nitude, that significant effects primarily related to  fecal flora changes have been demon- 
strated in the few group isolation studies already performed. No clearly defined cause- 
effect relationships o r  methods of controlling these changes have been established. The 
available data from ground-based studies, which have shown the occurrence of significant 
changes in the flora of confined groups of men, indicate a need for the assessment of any 
ecological changes during extended manned space missionso The constituent organisms of 
the type of closed ecological system under consideration will be men and microorganisms. 

Instrumentation for physiological measurements is availzible and equipment for clinical 
evaluations will be available. Thus, many of the biological phenomena exhibited in the eco- 
system by the men during adaptation and/or reaction to long-term space flight will be 
measurable. Changes in the microbial portion of the ecosystem can also be measured. A 
number of factors must be considered in making this determination and are  discussed below. 

3.4.5.8.1 Sampling; 

An extremely important facet of the analytical protocol, regardless of whether the analyses 
are performed in flight or post-flight, is sampling or recovery of microorganisms from the 
man and the spacecraft. 

3.4.5.8.1. 1 - Sampling Sites - Recent work has shown that for bacterial sampling, "the 
scalp, ear, eye, nose, throat, axilla, umbilicus, forearm and anal area. . . can be sampled 
less frequently or eliminated from the monitoring schedule. . . On a current GE contract, 
rhesus monkeys are being studied during long-term confinement. Microbiological sampling 
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of the ear, nose, throat, mouth, axilla, groin, toes (hindfoot), scalp and feces is required. 
No reduction in the number of body sites sampled is planned for the present phase of the 
work. However, after sufficient data has been obtained, the significance of the data from 
each body site will be determined. During several studies on confined groups of men, 
Enterobacteriaceae appeared on the glans penis and groin, and various fungi appeared on 
the glans penis, groin and feet. Thus, these body sites should be included in a sampling 
regimen. 

In addition to the men, sampling of the spacecraft will be required. During ground-based 
studies, beds, floors, communications equipment, refrigerator handle, transfer lock 
handle and eating, recreation and personal hygiene areas were sampled. Other possible 
sampling sites are clothing (including pressure suits) and all knobs and surfaces which are 
expected to be in frequent contact with the skin o r  clothing of the crew members. 

3.4 .5 .8 , l .  2 Sampling Methods - With hypo-gravity as an environmental condition, settling 
plates cannot be used. Furthermore, the use of swabs in normal fashion is questionable be- 
cause usually, after a sample is taken, a swab is immersed in a medium to insure that 
organisms in the interstices of the swab material will be recoveredo Semi-solid agar is a 
possibility, but modification of present laboratory techniques will be needed to adapt swab 
techniques for in-flight use. Cotton and calcium alginate wool swabs are commonly used; 
it would be advantageous to include currently available synthetic materials such as poly- 
propylene ltwooltt in a laboratory study of methods. 

The impression method, using Rodac plates, has been widely accepted for surfaces. How- 
ever, for sampling feces, and most body sites, Rodac plates are unsuitable. Sterile sticky 
tape has been used for skin-surface sampling and could probably be adapted for swabbing 
the nostrils, ear canal, umbilicus and groin by wrapping tape around an applicator stick or 
coating the applicator with an adhesive. 

The technique for obtaining fecal samples will depend on the method of collecting feces. A 
prototype urine and feces collector with provision for sampling feces and urine has been 
built by General Electric. An aliquot of fecal slurry can be obtained via a sampling port. 
Handling of this slurry for plating would require equipment modified for use in weightlessness. 
However, since the sample is homogenized, the odds are  in favor of getting a more repre- 
sentative sample. A serious drawback does exist, unfortunately, in that certain fecal 
organisms , especially anaerobes, may not withstand the time lag between defecation and 
culture of the sample, because of exposure to enriched oxygen atmosphere at less than 
atmospheric pressure, lowering of temperature, or  both; thus organisms of importance in 
the ecology of the space vehicle would either not be recovered at all or in numbers resulting 
from the survivors of an unknown original population. Here again, a laboratory study will be 
required to determine the better approach. 

Plastic bags have been used on Gemini and may be used on other vehicles. Devices for 
holding air permeable bags inside a molded toilet seat, have been proposed, but the'problem 
of p02 and ambient pressure effects on microorganisms must be weighed against the con- 
venience. If plastic bags are  to be used, a modified construction, permitting samples to be 
taken without contaminating the cabin is certainly feasible. 
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the convenience. If plastic bags are to be used, a modified construction, permitting samples 
to be taken without contaminating the cabin is certainly feasible, 

Of great import in microbiological sampling are the media on which the samples will be 
grown. In all studies of the microflora of confined groups of men, several media have been 
used for each sample in order to increase the probability that all organisms recovered from 
a given sampling site will  grow. In those tests where groups of four men were confined for 
periods of approximately four weeks , with a week each for pre-test and post-test sampling, 
the total time being six weeks, approximately 2500 cultures per man were made during 
sampling and m additional 50,000 per man were used during identification procedures. The 
volume of plates could be reduced by a factor of four simply by using quadrant type petri 
plates which allow plating of four different media at one time. However, what portion of the 
cultures were made on plates and what portion in tubes is not known. Since a full gamut of 
media would be extremely difficulr to use during space flight, a minimum complement of 
differential media is required. 

No attempt has yet been made to include the viruses, and rickettsiae in studies on confined 
andisolatedgroups of men or animals and for good reason. The men who have served as 
subjects in ground-based studies and the men chosen to be astronauts were, are, and will be 
subjected to a thorough medical examination. These men are all in that small portion of the 
population which could be said to be in excellent health. The only viruses that a space vehicle 
crew may harbor are probably contained within the cells of one or more species of bacteria, 
are most probably not pathogenic to man and are  extremely difficult to sample, culture and 
identify. 

The rickettsiae are not known to occur amphibiotically in man as they do in arthropods. 
Since the crew members are  healthy, and will be replaced prior to flight if any overt signs 
of an infection occur, there is little possibility that a rickettsial pathogen will be present: 

It is suggested that culturing for viruses and rickettsiae be excluded from any on-board 
procedures for the first series of AAP flights, Post-flight analyses could conceivably show 
the presence of phages, but their importance to man and his indigenous flora is unknown. 

Protozoa, while appearing quite often in the mouth, intestine and genitourinary tract of man, 
are likewise not recommended for inclusion in an on-board culture routine at this time. A 
more knowledge of the non-pathogenic protozoa indigenous to man becomes available, sam- 
pling, culture and identification methods, with emphasis on the latter two, may become less 
complex. At present, culture and identification of protozoa is hardly a simple matter, with 
separation of genera often requiring a greater knowledge of morphology than of culture tech- 
niques. For the shorter missions, provision can be made to  bring back cultures for post- 
flight analyses, but for flights on the order of one hundred days, culture maintenance should 
be carefully worked out well in advance of any missions where protozoa culture .return is 
planned. 
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3.4.5a8. 2 Analysis 

In the manned studies 
anaerobes, have been 

to  date, approximately 50 genera of bacteria, including aerobes and 
isolated, as well as representatives of at least 16 genera of fungi and 

several genera of protozoa. It is quite probable that this number of different genera will be 
encountered during a manned flight. 

Since this is the era of automation, there is considerable interest in the automatic identifi- 
cation of bacteria. However, while the counting of microorganisms can be done automati- 
cally, there is, as  yet, no way to differentiate among bacteria, protozoa and fungi, much 
less te l l  one species or genus from another in a mixed culture. Several techniques, which 
are under development and may be of use in the future are briefly discussed below. 

3.4.5. Sa 2.1  
tograph!- involves use of the gas chromatograph with highly sensitive detectors for the exami- 
nation of bacteria products which are either volatile or  can be converted to volatile deriva- 
tives. Jfany volatile compounds are synthesized by microorganisms during their growth and 
the sensitive detectors might be useful in determining the presence of small numbers of 
bacteriz by detecting the formation of specific products. In view of the vast array of prod- 
ucts which microorganisms can form, no one method for the extraction or chromatography 
on a single column of all the metabolites is possible. 

Gas Chromatography - Detection and identification of bacteria by gas chroma- 

Because of the sensitivity of the method, standardized culture techniques are mandatory. 
In addition, unless the population of bacteria obtained from a specimen is known to be homog- 
enous, or the distinctive chromatographic pattern is known not to be obscured by interfacing 
organiszxs, pure culture techniques must first be employed. Furthermore, the number of 
bacterizl signatures presently available €or comparison with unknowns is insufficient to per-' 
mit the ase  of the gas chromatograph as a laboratory tool. These factors mitigate against 
inclusiox of gas chromatography for use at this time. However, because the methodology is 
still in :he developmental stage, it is possible, and perhaps probable, that the development 
of the technique will continue to progress to the point where it could be used for long-term 
missior-s, either for post-flight analysis or  for on-board useo 

3.4.5. I, 2.2  
of bacteria by mass spectrometry of their metabolic and pyrolysis products. The latter is 

Mass  Spectrometry - Several groups have been investigating the identification 

an outgnwth of experiments on the relationship between structure and thermal stability of 
high texxperature polymers. The limitations of gas chromatography are also applicable to 
mass spectrometry. 

3.4.5,6' 2,3 Infrared Spectroscopy - Identification of microorganisms by means of infrared 
spectra has been attempted by several in; >stigators, However, samples must be Fi-epared 
with ez=.eme care, from the same type of culture as  the reference curve was prepared. The 
drawba::ks of gas chromatography and mass spectrometry apply to  infrared spectroscopy as 
well as -,he limitations inherent in an extremely sensitive procedure which is incompletely 
worked >ut. 
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None of the instrumental methods of analysis is sufficiently far along to  be considered for 
laboratory use within the next two to three years. However, these approaches may well be 
developed into useful laboratory methods and should be taken into consideration during 
.longer range planning. 

3.4.5.8.2.4 Fluorescent Antibody Technique - This technique is mentioned because of its 
possible use both for in-flight and post-flight assays. A fluorescent compound (usually 
fluorescein isocyanate) is coupled to the specific gamma globulin with minimal loss in 
activity of the gamma globulin produced as response to a specific antigen. In this case, 
the antigen is a given species of bacteria. When the fluorescent antibody solution comes 
into contact with the antigenic bacterium, even in mixed cultures, the antigen is stained 
with fluorescent material visible in a microscope suitably modified for this purpose. The 
method has been found most useful for particulate antigens, such as bacteria, It is useful 
for identification of bacteria when a group of reference sera  are available. With cells 
larger than bacteria, specific antigens within a cell may be localized. 

Both microscope and staining equipment can be adapted for use in weightlessness. Major 
limitations of this method are: (1) it is primarily qualitative; (2) considerable a priori 
information must be available even if qualitative results are satisfactory; (3) cross re- 
actions may occur. In clinical situations, fluorescent antibodies are used to check for the 
presence or absence of a limited number of pathogens. 

If the appropriate sera can be prepared, the fluorescent antibody technique could be used 
for detection of marker and indicator organisms. Although the data would be qualitative, 
this method which has the sensitivity inherent in serological work, could be used to check 
for transfer of marker organisms among crew members and to note the time appearance 
or  disappearance of a given organism from a sampling site. Automated equipment is 
under development, but will not be mm.ilable for mid-1970. 

3.4.5.8. 2.5 
strumental methods of analysis, it is most likely that, for missions two or  three years 
hence, conventional laboratory techniques , modified for use during weightlessnes, will be 
used for assessment of ecological changes occurring during long-term space flights. 

Modification of Conventional Methods - In view of the present status of in- 

It is probable that major modifications will center around the use of liquid media. Feas- 
ibility studies performed by General Electric show that proper choice of culture tube 
geometry will  keep broth within a conical section of the tube. However, the insertion of 
a swgb into the tube must be done with extreme care to prevent escape of liquid media to 
the cabin. Several concepts which would prevent escape of liquid &ring manipulations 
have been considered during an in-house study of sampling, analysis and preservation of 
biological materials, including microorganisms. If liquid media are used, transfer of 
aiiquots to other solid or  liquid media for subculturing can be accomplished witli syringes. 
As stated in the section on sampling, though, a conventional protocol utilizing large num- 
bers of culture vessels and different media is too unwieldy for use &ring flight. 
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3.4.5.8.3 Media 

A variety of media will be required for on-board sampling and preservation of cultures. 
One of the problems that will become greater as missions become longer and/or involve a 
greater extent of on-board analysis is media storage. By using small, quadrant-type petri 
plates the number of plates and the volume needed for storage can be decreased. For mis- 
sions of up to 4 to 6 weeks, refrigerated storage of plates and tubes will suffice. For longer 
missions , hermetically sealed sterile containers should be considered for maintenance of 
sterility and moisture content. New media should also be developed for missions of 45-135 
days. Solubilized, sterile dry media already placed in tubes and sterile agar "spongesff in 
petri plates to which sterile water could be added aseptically, are possibilities which are 
already feasible from an equipment standpoint. 

In addition, new formulations should be considered. A fftransportfl medium has been de- 
veloped and is being field tested. This medium was developed specifically for Mycobacteria 
but will also support Shigella, Slamonella and Vibrio for extended periods of time at 20" - 31OC. The development of media which could be used for the support of microorganisms 
during ffstorage'f and which would insure a known percent recovery seems a fruitful area for 
further study. 

3.4.5.  8 .4  Preservation of Samples for Post-Flight Analysis 

Initial cultures of certain samples, i.e. , swabs and feces, can be made in liquid media 
during flight, However, for both in-flight and post-flight analyses, subcultures must be 
made. For those samples to  be returned, the subcultures, which will be identified in a 
laboratory on the ground should be made in liquid and solid media in order to enhance the 
recovery of microorganisms in the sample. 

It is recommended that cultures to be returned be made in duplicate for both incubation and 
refrigeration, Lyophilization of samples is not recommended for preservation of micro- 
biological sIunples. Although recovery of organisms from lyophilized pure cultures is on 
the order of 70-95%, an assessment of the microbial ecology of a spacecraft would be in- 
complete because those organisms labile to lyophilization will not survive. 

3.4.5.8.4.1 
tion temperature of 37OC will suffice. Few, if any, thermophils are expected, but will  
probably grow, though at a slower rate, at 37OC. The organisms recovered from the 
cabin, other than those from the astronauts or ground crew, will probably be common air- 
borne contaminants which will also grow at 37OC, but it may be desimble to include a 3OoC 
incubator to enhance the recovery of those organisms with optimum growth temperatures 
closer to 3OoC than to 37OC. 

Incubation - For the majority of the microorganisms anticipated, an incuba- 

3.4.5.8.4.2 Refrigeration - The transport medium mentioned above shows promise in 
keeping certain microorganisms viable at 4OC. Further work is necessary, of course, but 
this avenue should be explored further. Since refrigeration equipment will be required for  
maintaining frozen and/or cooled samples of serum and urine, it may be simpler to refri- 
gerate at least a major fraction of the microfloral cultures than to incubate them. 
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In all elementary microbiology courses, the statement is made '!Any bacteria, under the 
right circumstances, can be pathogenic. I '  This simple fact is often forgotten by biologists 
who are  dealing with organisms not commonly considered to be pathogens. For detailed 
analyses of the microbial ecology in a manned space vehicle, cultures must be made and 
handled many times during the course of the flight. Organisms indigenous to one or more 
of the crew members at the start of a mission may become pathogenic to one or more of 
the astronauts after 30, 50 or more days. The experiment protocol(s) for Microbial 
Evaluation must be drawn so as to minimize the hazards inherent in dealing with potential 
pathogens . 
3.4.5.10 Recommendations 

A stepwise procedure is again suggested. Marker organisms, peculiar to each crew 
member can be determined during pre-flight studies. Those markers which can be most 
easily preserved, whether by incubation or refrigeration, should be determined, and ini- 
tially the appearance and disappearance of each marker from each sampling site could be 
followed in samples returned from orbit. In orbit efforts should initially be used to check- 
out sampling procedures, transfer and culture methods. 

Several "quick-look'' devices have recently appeared on the market and there is a reason- 
able chance that such equipment could be adapted for orbital use in microbiological sam- 
pling and analysis. Because a safety problem does indeed exist, hazard avoidance must be 
factored into the experimental design. 
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3.4.6 BEHAVIOR 

Behavior may be described as those externsilly manifested physical o r  communicative out- 
puts generated either voluntarily o r  unconsciously by a viable organism. Ideally, IMBLMS 
should supply those measurement techniques necessary for: a) the continuous assessment 
and quantification of man's real time behavior, as well as  b) an ability to project and pre- 
dict his probable behavioral trends for #e reasonable future. 

Such measures should be provided in psycho-sensory , psycho-motor, cognitive and emo- 
tional adjustment areas. In addition real task-related performance, re-entry simulation 
and the neurophysiological correlates of behavior have been considered. 

Unfortunately at the present time techniques capable of the extended collection of clear cut, 
quantifiable measures in the areas of cognitive function and emotional adjustment are not 
available. This is not to say that none exist, rather that there is a great profusion of com- 
plex multiparameter subjective analyses, each with limited advantage and advocates, but no 
single approach having genera1 wide spread acceptance. As a result measurement and pro- 
cedures in t h i s  area have been left open. 

Weight is given to measures of the adequacy with which the crew can carry out its assigned 
responsibilities as  well. as  the effectiveness and appropriateness of behavioral interactions 
within the group. At the present time the specification of such "real situations measure- 
ments" is not feasible in other than gross generic terms. This problem is primarily due 
to the diversity of crew size, and composition as well as  di€ferences in the routine o r  avail- 
able "on going" mission task repertoire o r  hardware interfaces that will be available in the 
various rnission/vehicle systems currently under consider ation. 

3.4.6.1 Task-Related Performance 

The most potent method for  the study of performance is measurement and observation 
during mission-related tasks. In this situation motivation is reasonably controlled and 
maintained. 

General Electric recognizes that behavioral measures might be constructed in relation to 
the crew performance requirements of IMBLMS operations. For instance, the Soviets re- 
port #at the manual measurement of blood pressure by means of arm cuff, sphygmoman- 
ometer and stethoscope required fifty percent more time in space than on the ground. 

Performance in space however is uniquely related to the restraint system utilized. The 
GE underwater simulation studies have repeatedly demonstrated the specificity of the re- 
straint system for the task to be performed. A critical element of the Phase C and D work 
will be the configuration of the IMBLMS restraints, tethers and locomotion aids so that the 
experimental measurements can be performed. 

Because of the repetitive nature of the medical experiment program and given a fixed con- 
straint configuration, performance data as a function of time can be obtained within IJIBLJIS. 
Such real complex task performance measures have many apparent advantages over rela- 
tively artificial test batteries. 
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3.4.6.2 Re-entry Simulation 
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As mission duration is progressively extended, a requirement will ultimately arise for the 
maintenance of crew proficiency in the re-entry piloting task. Whether such a procedure 
should be a simulation (computer-driven) of the actual re-entry task (and perhaps performed 
in the Command Module), or  should be a more sophisticated and sensitivity tracking task 
cannot be determined at present. 

Two complex tracking programs have been reviewed. We believe that such a requirement 
is a mission-related skills maintenance technique rather than a measure and not therefore 
a part of IMBLMS. This is not to say that eye/hand tracking tasks cannot be utilized for 
evaluating general visual/motor and coordinative functions as  well as arousal and motiva- 
tion levels, but rather that the data can be derived at the levels necessary with considerably 
simpler instrumentation. As a matter of fact, should software capabilities be available for 
the instrumentation of a simulated re-entry program utilizing the actual "on-board" flight 
controls and displays, quantitative measures of this task during the practice sessions 
would be of great value as an ancillary IMBLMS measure. The presence of such capabili- 
ties are not known at the present time and therefore, the capability cannot be considered 
as a formal IMBLMS function. 

3.4.6.3 NeuroDhvsiological Correlates of Behavior: The ElectroenceDhaloeram 

Provision will be made in IMBLMS for the EEG. The present IMBLMS capability is 9 electrode 
pairs. We plan a junction box at  the sleep station and another in a work area follotving 
Adey's experiments relating performance and sleep to the EEG. In the sleep station pro- 
vision could also be made for the EOG i f  eye movement measurements are desired. 

W e  have not configured a task performance station of the complexity suggested by Adey 
involving visual and auditory stimuli of considerable diversity. Nor have we considered 
the problem of quick don-doff electrodes using a helmet device such as that under develop- 
ment. We have considered but not resolved the problem of EEG data management, par- 
ticularly with respect to spectral analysis techniques using the on-board computer capability. 

In summary IMBLMS will provide the electronic capability for the EEG and junction boxes 
at two locations pending further definition. 

3.4.6.4 Psycho-Sensory Phenomena 

3.4.6.4.1 Visual Perception 

It is recommended that the following visual phenomena be measured. 

3.4.6.4.1.1 
during any of the American o r  Russian flights to date, it seems reasonable to include 
measures of acuity as part of any evaluation of overall visual function. It is also reconi- 
mended that acuity measures be evolved in at least two parameters, namely: minimal 
detectable stimulus and two-point separation thresholds. While other measures could be 

Visual Acuity - In spite of the absence of any modification in visual acuity 
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r\cfdcd wi th  little or no additional mass, there will be minimal gains in information. The 
nieasures recommended are dependent on the physical and metabolic integrity of the eye and 
its associated sensory pathways. Equipment for the quantitative assessment is readily 
avalable in the form of a flight-modified orthorater concept. 

3.4.6.4.1.2 Depth Perception - Measures of depth perception can provide us with infor- 
mation concerning not only the physical integrity of the eye and its associated neural path- 
ways, but data regarding neuro-muscular integrity of the extraocular musculature as well 
3s insights into the perceptual status of the cortex. The flight-modified orthorater equip- 
nient seems adequate for this measurement. 

3.4.6.4.1.3 Phorias - Visual phorias (both near and far) might be categorized as depth 
pcrccption measurements. Their inclusion as a separate measure is a function of the fact 
that the perceptud content, mainly image fusion processes, is a different perceptual data 
bit in spite of the fact that essentially identical systems are involved. Simple modifications 
in orthorater-type instrumentation may be utilized to develop this measure. 

3.4.6.4.1.4 Dark Adaptation - The measurement of the intensityhme course of the 
brightness threshold of the eye provides information regarding the functional effectiveness 
of the iris and the general physical and metabolic health of the retina. Modifications in 
either portion of the system could be reflected in the time course of the dark adaptation 
response. The Hecht-Schlaer adaptometer may be utilized for data collection. This capa- 
bility may be incorporated into an orthorater device by simply providing a precise variable 
light source which can be calibrated and recorded. 

3.4.6.4.1.5 Absolute Brightness Thresholds - The measurement of absolute brightness 
threshold across the retinal fields provide a good index of retinal function. While dark 
adaptation measures provide information on the dynamics of brightness sensitivity altera- 
tions, brightness sensitivity measures across the retina provide the capability to map the 
static functional status of the retinal field. The same equipment utilized for dark adapta- 
tion measures can be utilized for this measurement. 

3.4.6.4.1.6 Color Perception - While the mechanism for color perception is unknown, 
man's cnpability to utilize color information is assumed in the preparation of his instru- 
mentation and work tasks. As a result, information regarding the integrity, sensitivity 
and fidelity of this capability should be considered in any complete visual assessment. The 
S%mdrPrtf orthorater with appropriate stimulus material can accomplish this measure. 

%4-. 6.4.1.7 
rniedng stimuli are of critical import during several phases of space flight. While  man's 
capability to detect movement is a direct function of not only the speed of movement but the 
p h y s f d  characteristics, size and brightness, of the stimulus, instrumentation in this area 
rqui res  precision calibration and measurement. While several techniques are Currently 
Wfgtinr;: for this measurement; it is recommended that a unique display be evolved wherein 
"kh Wie Stimulus characteristics deemed most pertinent to space flight considerations may be 

orated. This device may be either mechanical o r  electronic in nature. Moderate 

Movement Detection Threshold - Man's capability to detect and/or track 
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sophistication shall be provided for the programming and measurement of movement of the 
stimuli. It is considered that this device is essentially state-of-the-art in that no novel o r  
complex engineering design is required. 
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3.4.6.4.1.8 
of general ocular motility, there is ample evidence to demonstrate that modifications in 
reading capability are frequently due to parameters other than visual function. Since this 
confounding inference cannot be separated from the data, it is recommended that reading 
measurements be excluded from consideration as an IMBLMS measurement technique. 

Reading - While reading procedures are frequently utilized as measurements 

3.4.6.4.1.9 Eye Movement - The final major parameter of visual function is the evalua- 
tion of the eye's capability to track dynamically. Measures in this area may be concerned 
either with the eye's ability to follow relatively rapidly moving stimuli across a two-dimen- 
sional area, o r  with the eye's capability to move across static material in a prescribed 
fashion. 

The Honeywell Oculometer , developed under NASA Contract, was submitted for our consid- 
erations for the IMBLMS Program by the Honeywell Radiation Center. The original intent 
of the device was to provide a man/machine control link actuated and controlled by eye 
movement. The device uses a photo-optic electronic technique to locate the eye and then to 
locate and differentiate the pupillary-iris border and the corneal reflection. With a some- 
what complex but straight-forward time-shared electronic comparator, the device can de- 
termine the point of focus of the optic axis of the eye with respect to an external referent. 
The device can accomplish this without any physical contact with the subject and the sensors 
can be theoretically located as much as 6 feet from tlie subject's eyes. The procedure, in 
its current configuration, accomplishes its task by locating and tracking the pupil while 
simultaneously locating the corneal reflection and determining its position relative to the 
pupillary surface area. If the eye is moved, the corneal/pupillary displacement relation- 
ship is modified and the system is capable of both sensing and interpreting the modification 
in terms of eye movement. 

In its present mode of operation, such a device can be used for at least the following 
measure s : 

a. By tracking monocular and/or binocular eye movements, the coordination of the 
extra-ocular musculature may be established permitting data on phorias as well 
as convergence and general ocular motility. The extent and duration of the nystag- 
mus can be measured during vestibular function tests. 

. 

b. Accurate eye movement tracking can also be utilized to assess vigilance, arousal 
level, and the time/motion effectiveness in the use of the displays and controls. 
Data regarding arousal level could be collected by the measurement of "blink rate". 

Since the device accurately tracks the actual perimeter of the pupil continuously, 
the oculometer may be utilized in the evaluation of pupillary accommodation 
during dark adaptation. 

c. 
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The Honeywell Company, in a recent proposal, has evolved a modification of its basic sys- 
tem that would permit the measurement of the focal length o r  power of the eye. With addi- 
tional modification in the sensor, it is conceivable that the oculometer might be capable of 
detecting the emissivity of the retina, and, therefore, data related to retinal vascularity, 
blood oxygenation levels, or other pertinent indicators of retinal health. 

Unfortunately the device, while demonstrated in prototype form, is not in that level of de- 
velopment which could be described as state-of-the-art. As a result, while further con- 
sideration of this instrumentation must be encouraged, the technique of choice for the 
measurement of eye movement is the electro-oculogram (EOG). 

3 . 4 . 6 . 5  Auditory Function 

There is no data available that would predict modification of human auditory function due to 
residence in the space environment. Nonetheless, it seems reasonable to include measure- 
ments in this area in order to be capable of extending information in this regard as a func- 
tion of prolonged residence o r  in respect to changes in the composition of cabin and space 
suit atmospheres. The measurements of paragraphs 3 . 4 . 6 . 5 . 1  through 3 . 4 . 6 . 5 . 4  are  
considered. 

3 . 4 . 6 . 5 . 1  Measurement of Absolute Intensity Thresholds, 

The measurement of this parameter provides insight regarding the physical status of the 
tympanum, ossicles and cochlear mechanisms as well as information regarding the func- 
tional capability of the neural mechanisms as well as the perceptual status of the auditory 
cortex. It is assumed that information may be obtained by the use of equipment permitting 
the generation of precise frequency and intensity outputs to the individual ear. Two ap- 
proaches have been evaluated for the IMBLMS Program: one, utilizing high fidelity mag- 
netic tape recordings carried as on-board stimulus material; and a second technique 
utilizing a computer software program and associated signal generator to generate stimulus 
material on board. 

3 . 4 . 6 . 5 . 2  Pitch Discrimination 

Essentially the same mechanisms and instrumentation can be involved in pitch discrimina- 
tion measures. The inclusion of this second parameter is based on its greater utilization 
of perceptual mechanisms, and as such justifies inclusion. 

3 . 4 . 6 . 5 . 3  Sound Localization 

This phenomenon permits the evaluation of not only the physical and perceptual functions of 
the auditory system, but permits the evaluation of the cortex's capability to sense and in- 
terpret time of arrival and intensity variations between the two ears. In this measurement, 
essentially the same approach may be utilized with the exception that binaural stereophonic 
information be supplied in the stimulus and transmitted binaurally to the subject via stereo- 
phonic earphones. 

I. 3-96 



3 . 4 . 6 . 5 . 4  Speech 

While the detection and discrimination of speech material is frequently included as a measure 
of auditory function, just as in the case of reading, many secondary considerations unrelated 
to auditory function play critical roles in this measure. As a result, speech perception 
capabilities are not recommended as an IMBLMS measure. 

3 . 4 . 6 . 6  Kinesthetic Function 

At least two major areas of kinesthetic function must be considered. In the first area ques- 
tions regarding the man's capability to voluntarily or unconsciously locate himself and 
his extremities properly in three-dimensions, either in respect to dynamic procedures, o r  
to attain a static orientation. In the second consideration, kinesthetics in 
could include considerations of somatic o r  cutaneous sensations of touch. 
that the following measures be considered. 

3 . 4 . 6 . 6 . 1  Proprioception 

a broad sense 
It is recommended 

The subject shall be instructed to locate an extremity at a specific location in space and 
maintain that condition for a minimal period of time. Data in this regard may be collected 
via photogrametric cameras as in M055. Under the second o r  dynamic circumstance, the 
subject would be requested to carry out a gross full body movement. Once again, data in 
the form of photogrametry may be collected. It is also suggested that a fine dynamic evalu- 
ation requiring precision displacement and rate of movement be measured as previously 
discussed. 

3 . 4 . 6 . 6 . 2  Cutaneous Touch Measurements, 

While kinesthetic and proprioceptive information relies on tendon and muscular stress phe- 
nomena, some information is derived from the cutaneous sensors. Measurements are 
therefore recommended in respect to touch thresholds, touch localizations and two-point 
discriminations. These measures may be accomplished by a simple standard mechanical 
device capable of being calibrated for precision pressure and area of contact. 

3 . 4 . 6 . 7  Vestibular Function 

As the AAP mission time is extended in an incremental manner, the means for assessment 
of vestibular function will be a continuing requirement. Whether o r  not adaptation occurs 
in the vestibular system due to weightlessness is not known and NASA must continue to seek 
data on which ultimately to base a "G-decision", e. g. , whether artificial G will be required 
for long-term manned space flight. 

IMBLMS will provide storage space and interface connections for the Otolithic Goggles, the 
Rod/Sphere Device, the Neurokit and the Rotating Litter Chair of M053. 

As we pointed out at the midterm, the use of highly specialized fiber optics for the purpose 
of the measurement of nystagmus or  ocular counterolling are not considered IMBLMS 
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equipment. Provision in IMBLMS will be made for the EOG which makes use of a common 
signal conditioning capability. 

3.4.6.8 Psychomotor Functions 

Man's capability to perform precise voluntary psychomotor tasks is of critical import. 
Measures regarding the crewman' s capability to move through three-dimensional space is 
considered under kinesthetic considerations. Problems relating to fine motor movement 
in respect to manipulation, reaction time, controlled force emission functions and complex 
eye/hand coordination activities should be measured. Measures in these areas may be in- 
terpreted as representing the integrity of the overall neural, muscular, and skeletal sys- 
tems involved. In spite of the relatively clear-cut measurement techniques available, no 
finite equipment description or  package has been prepared for the accomplishment of these 
measures at the present time. It is hoped that as a result of further analysis, a single 
integrated package may be evolved for the accomplishment of all the preceding psychomotor 
characteristics. There is reason to believe that the three-dimensional manipulanda device, 
discussed under kinesthetic parameters, may be redesigned to permit the preceding 
measures. 

3.4.6.9 'Cognitive Function 

In the introduction for the section, the problem related to the delineation of measures in 
respect to real time quantification of cognitive function was discussed. At the present time 
there is reason to believe that measures of arithmetic computational capability, arousal/ 
vigilance levels, problem solving and memory span measures would provide a basic reper- 
toire of data collection procedures adequate for establishing cognitive status. Since, in 
most instances, the instrumentation for evolving these values have been custom designed 
for the system in which they were used, no formal equipment package is obtainable. It is 
our recommendation that further studies be initiated to establish optimal approaches and 
instrumentation for the collection of such information in order that designs specifically 
appropriate for the IMBLMS modular packaging concept be evolvcd. 

Cornel1 Aeronautical Laboratories have suggested a formal experimental program for the 
specific delineation of requirements and instrumentation in this area. It is recommended 
that some consideration for limited experimental validation of an IMBLMS unique psy- 
chomotor test package be considered. While it is recognized that the ideal measurement 
of behavior would be accomplished during "real task" operations, because of the diversity 
and lack of definition of all the possible permutations of systems in which IMBLMS equip- 
ments might be utilized, we cannot at present advocate specific equipment for real time, 
real task measures. 

3.4.6.10 Emotional Adiustment 

The pertinence of measurements of emotional adjustment is self-evident. Unfortunately, 
instrumentation to gather this information in real time is nonexistent. While combinations 
of measures such as polygraphic techniques have been utilized to measure changes in 
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emotional levels, no formal equipment has been devised to quantify such changes. It is 
true that anxiety levels can be correlated to some extent with GSR activities and that similar 
reflections of anxiety will become apparent in several of the currently contemplated bio- 
assay procedures. Historically, emotional measurements have been primarily accomplished 
by either continuous visual/acoustic monitoring of the individual and his interaction to the 
environment, or  by direct interface by an accomplished psychiatrist familiar with the in- 
dividual. While these procedures could be utilized for IMBLMS, it is suggested that such a 
decision not be finalized at this phase of the program. 

3.4.6.11 Summary 

The behavioral area is likely to be the major area in IMBLMS for evolution and change. In 
the course of this IMBLMS contract General Electric has received a number OP proposals 
for the development of sophisticated behavioral equipment. It is clear - and this has been 
pointed out by Cornel1 Aeronautical Labs Stanford Research Institute, and others - that during 
Phase C, additional, effort will be required to further define the behavioral package for IMBLMS. 

Sophisticated equipment such as the non-contacting eye motion sensor of Biosystems, Inc. 
and the oculometers of Honeywell, Bausch and Lomb o r  Smith Kline Instrument Co. require 
consideration because of their multi-purpose nature. The IMBLMS must be capable of 
accommodating these devices when they reach an operational status. 

3.4.7 CREW TIME AVAILABILITY 

3.4.7.1 General 

The man hours available on a space station are finite . As a result it is essential that 
every effort be expended to achieve their efficient utilization. 

In the allocation of available man hours for nominal mission operations, provision for the 
satisfaction of the basic biological needs of man must receive the highest priority. 

There is ample evidence-that many of man's routine biological functions and needs involve 
circadian periods. In addition, most of the anticipated orbits require approlrimately 90 
minutes which would provide a convenient demarcation of 16 orbits per 24 hours. There- 
fore, programming for both biological and orbitally-based requirements may be conveni- 
ently established on a 24-hour cycle based on Cape Kennedy time. 

While biological needs require critical priority in the allocation of orbital man hours, the 
precise chronological location of this time along the mission profile is of considerably less 
importance than that for orbitally-based mission functions. Under nominal conditions, 
requirements must be satisfied at some time during any given 24-hour cycle. Under ideal 
conditions their dispersion over time can be specified for optimal efficiency. . 
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The following tabulation suggests criteria for the optimal locations of various activities 

a. 

b. 

C. 

d. 

e. 

f. 

g. 

during a typical 24-hour cycle: 

Sleep - Scheduled sleep periods, whenever feasible, shall be no less than six hours 
o r  more than eight hours in length. They shall be programmed so as to occur once 
during every 24-hour period. Under no circumstances, other than "extreme 
emergency" shall more than 48 hours pass without a scheduled sleep period. 

Rest and Relaxation - At least one continuous hour of rest (recreation) should be 
provided per 24-hour period. 

Nutrition - Eating periods should be organized into at least three sessions, one of 
which should occur shortly upon awakening from the longest assigned sleep period, 
one at the mid-point of the longest rfwakinglf period and one at least one hour prior 
to the beginning of the longest sleep period. 

Elimination - While it is not always possible to elicit eliminative functions at spe- 
cific, predetermined times, this frequently can be accomplished in the case of 
voluntary defecation. In order to optimize scheduling operations, it is recom- 
mended that a fixed time slot in the 24-hour cycle be held constant for defecation 
(once per day). 

No formal urination scheduling seems necessary due to the brevity of the operation 
and the time delay which can be effected after the first sensation o r  urgency. 

Zero-g Countermeasure Procedures - Since the exact dosage of countermeasure 
procedures is primarily based on conjecture rather than direct evidence, the best 
current position simply states that the exercise procedures should be carried 
out once per 24 hours. For hygienic and programming convenience, it is advo- 
cated that these procedures be utilized prior to the presleep personal sanitation 
procedures. 

Biomedical Monitoring - Biomedical procedures are directed at the current status 
of various viability functions. It is, therefore, recommended that, when feasible, 
formal biomedical measures be instituted following postsleep rest periods and 
prior to eating procedures in order that strenuous o r  other transient mission 
activities do not bias the measures. Such safety measures could be performed 
during CM duty. 

No specific times for personal sanitation are  advocated other than following the 
post-sleephest period and/or following the exercise program, prior to eating. 
Some provision for limited sanitation shall be provided following toilet activities. 

Table 3-17 represents the estimated duration and frequency requirements for a minimal 
list of biologically critical functions which must be considered in designing for a long range 
mission. It should be emphasized that these functions may be severely disrupted during 
emergencies occurring in any single 24-hour cycle with no irreversible alterations or sig- 
nificant loss in performance. 
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Reference to Table 3-17 indicates manhour requirements for the satisfaction of basic 
Biological needs. 

This estimate, however, does not include: 

a. 

b. 

C. 

d. 

e. 

f. 

g. 

h. 

Extensive measurement and logging related to nutrition required by the nutrition 
experiments. 

Sampling and preservation time related to elimination. 

Zero-g countermeasures which are  included at only 30 minutes per day. This 
could be exceeded by a factor of six (3 g-hours) depending on experiment purposes. 

Times are  generally related to the adequately restrained subject and do not include 
locomotion times, i. e., OWS to CM, etc. 

Biomedical monitoring time is included as a safety measure. It is not experiment- 
related and could be performed in the CM. 

We assume that all system monitoring will be performed in the CM by the crew- 
man on duty. 

Routine ground/voice communication, also a CM duty function. 

Safety drill,  on-board skill maintenance procedures as well as routine checkout 
of crew support equipment. 

Summarizing Table 3-17 we find that under nominal circumstances approximately 10 to 13 
man hours per man per 24 hours will be devoted to the satisfaction of personal biomedical 
needs. In addition, if we assume that the system is fully autcjmated and that critical dis- 
plays relating to survival critical measures only are  to be read, less than 10 minutes per 
24 hours of system monitor time will be indicated. (See Table 3-17.) As a result, the 
fully automated system approximately 11-14 man hours per man per  24 hours will be avail- 
able for mission and/or vehicle unique tasks. 

If, as has been indicated, the command module must be continuously manned by at least 
one crewman (or 8 hours per crewman per 24 hours) we find that the man hour availability 
at the laboratory area will be limited to from 3 to 6 hours per man per 24 hours. While 
some limited experimental tasks could be accomplished in the Command Module by a single 
crewman, the procedures would of necessity have to be kept single and have no safety haz- 
ard implication whatsoever. Since such testing would be in the form of expediency meas- 
ures, their efficiency in respect to task/time density packaging would leave a great deal to 
be desired. 

If, in addition, we include locomotion times, multiply all times by 1.2 to take into account 
performance variables related to the zero-g environment (both factors which have appeared 
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t 
t in our underwater studies), expand the requirement for zero-g countermeasures and in- 

crease nutrition and elimination times to accommodate experimental activities such as 
sampling, etc., we have consumed all the available time in the maintenance of the vehicle 
and the astronaut. 

The solution to this dilemma is automation of the housekeeping function, remote monitoring 
in the OWS, a remote warning and alarm system in the OWS, or  an enlarged crew by ren- 
dezvous and docking. Considering the duration of the missions involved there appears a 
real probability of fatigue and performance decrement for a OWS system involving only 
three crewmen. 

Table 3-18 represents an example of the minimal amount of manual checkout and monitoring 
referred to above that must be done by the crewman even in the maximally automated sys- 
tem. It is assumed that the items listed are survivdl-critical; and, therefore, the redun- 
dancy indicated is justified. 

3.4.7.2 Experiment Time Lines 

For engineering purposes we have defined two experimental protocols: one involving the 
bicycle ergometer, the other involving the LBNP device. These protocols will be used to 
define maximal electrical, thermal and data management loads on the AAP system. Table 
3-19 gives a procedure for exercise tolerance and Table 3-20 for LBNP operation. 

Beyond these engineering purposes these protocols represent our bias with respect to medi- 
cal and behavioral experiments in space. Experiments take time - not time arithmetically 
summed, but consecutive elapsed time and astronaut application. 

In the exercise tolerance test, involving the bicycle ergometer, a variety of measurements 
are made both before and after the stress. 
where the procedures were treated as individual measurements. The total experiment 
time was six hours.. Combination packaging results in a reduction of elapsed time require- 
ments to two and one-half hours and includes a 30-minute period of subject rest  to reach a 
baseline condition. 

Data was drawn from available NASA reports, - 

A major time-consuming activity in space experimentation is don-and-doff, or set-up and 
take-down time. Whi l e  individual measurements might be taken often in order to study 
circadian rhythm phenomena, the long-term changes related to weightlessness require 
much less frequent measurement and have priority. 

Crew time, as well as equipment, must be modularized and packaged for IMBLMS. The 
optimum time module will vary, of course, with the experimental purpose. Crew time 
also must be viewed from the point of view of commonality. For instance, a rest  period 
that allows the metabolic rate to approach basal conditions can also be used for dark adap- 
tation prior to visual experiments without any compromise to the attainment of the basal 
state. 
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Impedance Pneumograph 

Dynamometer 
Tape Measure 

Phonocardiogram 
Blood Pressure Cuffs 
Digital Plethysmograph 
Ear Oximeter 
Thermistors (Ear and Axillary) 
Venous Pressure 

Gas Meters 
1) Oz Partial Pressure 

2) GO Partial Pressure 

3) Gas Flow Meter 
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N Analyser 

Ear Oximeter 
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Table 3-19. Exercise Tolerance (Including 
Pulmonary Function) 
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Procedures 

,ice 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Measure body mass and volume 

Collect blood urine, sweat, and parotid samples 

Attach VCG, EMG, ZCG, impedance pneumograph electrodes 

Perform muscle assessment 

Attach phonocardiogram, B. P. cuffs, digital plethysmograph, ear oximeter, thermistors 

Subject rests for 15 to 30 minutes; assemble and calibrate ergometer, gas meters and 
accessories. Measure cabin environment @02, pco2, total pressure, air and wall 
temperature) 

Take baseline measurements: - VCG, phonocardiogram, resting metabolic rate, blood 
pressure, heart rate, thoracic blood flow, venous pressure, body temperatures, and 
oximeter readings. These are followed by pulmonary volumes and dyhamics. 

Subject mounts bicycle and exercises (with timer) 

Subject dismounts bicycle and rests while recording recovery 

Repeat measurements in No. 2 and No. 9 as required 

11. Tear down and stow 
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Table 3-20. LBNP Provocative Testing 

5 6 7 8 

50 

9 

10 

MO 04 
M017 

60 

0 

70 

10 

M031 
M032 

80 90 > 100 

20 30 40 

Procedure 

zpling Device 
cessing Materials 
rage Device 

1. 
2. 
3. 

4. 
5. 
6. 
70 
8. 
9. 

Measure body mass, and volume 
Collect blood, urine, sweat, and parotid samples 
Attach E CG, pneumogram, plethysmograms, thermistors , 

Subject rests in LBNP, record baseline 
Measure circulation time 
Perform carotid sinus massage 
Expose to LBNP cycle 
Rest and record recovery 
Tear down 

blood pressure cuff, neck cuff, phonocardiogram 
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W e  recognize that the time requirements for the conduct of the proposed optimum experi- 
mental procedures such as illustrated here are in conflict with crew time availability gen- 
erally a s  well as the availability of two crewmen simultaneously in view of the CM duty 
requirement. These charts have been constructed primarily for engineering purposes as 
indicated above. 

3.4.8 ON-BOARD DISPLAYS AND CONTROLS PHILOSOPHY 

3.4.8.1 Unique Considerations 

Since the IMBLMS will be packaged in many configurations and with many combinations of 
instrumentation, it is essential that packaging and interfaces with the hardware system and 
the man be so configured as to provide maximum flexibility. A unique requirement of the 
system is the fact that the measurements to be conducted may not necessarily take place 
at a single site, or  in the vicinity of a basic display console site. In addition, there are the 
ever present needs for minimizing mass, volume, and power requirements for space-borne 
instrumentation while increasing its utility, reliability, operational life, and functional 
flexibility . 
3.4.8.2 General Approach 

Three basic requirements for displays and controls are apparent for such a modularized 
medical-behavioral measurement system, .Displays and/or controls must be provided for: 

a. 

b. 

C. 

Information on the status, function &d calibration of the basic measurement 
hardware devices utilized. 

The real time display of data being generated as a function of the measurement 
procedure involved. 

Information regarding the status of the test environment in which the measures 
are being conducted. 

In addition, direct visual monitoring of the subject during the test procedure may be re- 
quired. Continuous monitoring and data collection procedures can be required for all 
three display requirements. However, in most instances, once experimental equipment 
calibration has been established (a), it is usually assumed that the settings will hold to the 
end of the test procedure when, i f  necessary, calibration may be verified. The same is 
essentially correct in considering measures of the environmental status. However, during 
certain dynamic motor activity, simultaneous corrections may have to be manually sup- 
ported (c). In both instances it may be assumed that the display sites would be fairly fixed, 
i. e. , in the immediate proximity of the controls. In (b) however, either the subject or the 
test conductor must have immediate access to the information display while maintaining 
direct observation o r  program control of an event remote from the console and primary 
control areas. Therefore, the possibility of plug-in remote display capabilities for certain 
test operations should be considered. Under ideal circumstances it would be highly desir- 
able to be able to quick-disconnect certain displays o r  groups of displays for plug-in at the 
remote sites. 
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Two approaches are possible: one would utilize movable displays coupled via shielded leads 
of sufficient length to permit their location to the work site, while another approach would 
make junction boxes available at the work site. Such approaches would permit the use of a 
single instrument o r  package of instruments for the display of several information parameters 
on a time-shared basis at  several sites with associated weight and volume savings (assuming 
that simultaneous operations are not required). For maximal flexibility in application, time- 
sharing, either via manual selective switching or, as in the case of CRT or television tube 
displays , a simultaneous area-shared display capability is essential. 

3.4.8.3 Types of Display 

While a great many medical-behavioral measurements can be expressed in digital form, some 
experiments require time/intensity analogs or profiles to be developed. As a result, at least 
these two forms of instrumentation must be considered. 

In some cases, the instrumentation selected for a given measure must provide not only the 
digital value itself, but such factors as direction of change, rate of change, and/or the locus 
of the measure with respect to the total range. As a result of this, it is evident that a varied 
series of displays must be provided. Finally, the consideration of the presentation of simul- 
taneous information must be pursued. Time-sharing of common instrumentation should not 
preclude the possibility of display layout configuration in which information-related materials 
may be located in close physical proximity to one another. 

. 
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Figure 4-1 illustrates system, subsystem, and operational considerations associated with 
the IMBLM system design. System Considerations include such items as mission objective, 
schedule, costs, availability required, launch vehicle and facilities existing, approaches 
planned for data management, measurements required, and actual equipments which can be 
obtained. Operational Considerations include constraints imposed by the carrier spacecraft, 
their operational constraints with respect to orientation, stabilization, zero-g conditions, 
etc., plus the crew access and human factors constraints, and reliability, maintainability, 
and safety constraints, electromagnetic interference suppression provisions, plus the 
flexibility and adaptability for use on different missions and growth provisions for the future. 
Subsystem Considerations include such items as subsystem support constraints for the 
structural mounting, mechanical, electrical, and thermal interconnections , the electrical 
power sources, data management interfaces, environmental control requirements. 

The General Electric IhlBLM system concept approach, guided by the above and other 
considerations, features a minimal system capability to which additional standardized 
functional modules are  added to meet specific mission requirements. Commonality of 
function, semi-automatic operation, capability to minimize experiment time and crew training, 
provision for future growth, modular design of equipments, and installation compatability 
with present (and future) spacecraft are  emphasized. A most important consideration in the 
system concept is the use of the spacecraft on-board computer, via appropriate software, to 
supplement and in some cases eliminate the need for, potential elements of the IMBLM system. 

Discussion of the IMBLM system concept has been arbitrarily divided into three general sub- 
ject areas as follows: 

Section 4.1 - System Approach 

Section 4.2 - Data Management 

Section 4.3 - Modular Design and Packaging 

Figure 4-2 shows an artists concept of how the IMBLMS and associated experiment hardware 
might appear as installed in the S-IVB OWS. 

4.1 SYSTEM APPROACH 

.4.1.1 INTRODUCTION 

The purpose of IMBLMS as conceived by General Electric is to provide, in a modular 
packaging arrangement , the common measurement and service functions needed to support 
planned and anticipated medical and behavioral experiments in space. By this definition, 
IMBLMS represents the spacecraft equivalent of the laboratory equipment and storeroom; 
that is , IMBLMS is the multipurpose sensors and associated hardware which enable , support, 
and subserve measurement and procedural functions for the medical and behavioral experiments. 
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IMBLMS is also the regulated power supply and conversion equipment, pneumatic capability, 
thermal control and data management equipments necessary to that support. IMBLMS is 
any and all items which can be shown to be common to multiple experiment requirements. 

General Electric believes the IMBLMS concept must meet the following general requirements: 

a. 

b. 

C .  

d. 

e. 

f .  

€5 

h. 

i. 

j .  

k. 

I. 4-4 

IMBLMS must provide the necessary equipment to perform measurement and 
service functions in support of medical and behavioral space experiments. 

IMBLMS must be simplified and automated to the maximum degree consistent with 
astronaut skills and training and the available experiment test time. 

IMBLMS must be compatible with current and future spacecraft hardware interfaces. 

IMBLMS must accommodate presently designed space experiments in the medical 
and behaviora1 areas with sufficient ffoverdesig=nff performance capability to accom- 
modate future experiments. 

Although IMBLMS is initially determined by planned NASA experiments, experiment 
hardware must be designed in the future to interface with IMBLMS, not vice versa. 
Every effort should be made to minimize this design constraint on future experiments. 

IMBLMS packaging must provide flexibility and interchangeability so that specific 
IMBLMS hardware elements can be combined to meet specific experiment service 
and measurement support requirements for a particular mission. It is anticipated 
that a different IMBLMS assembly may be required for each mission and module 
replacement and maintainability in orbit may be required. 

IMBLMS must emphasize hardware design solutions and selections which are  com- 
patible with the projected flight date requirements and schedules and which have 
growth capability to accommodate future module additions. 

IMBLM design must emphasize safety, both for the astronaut and for the spacecraft. 

IMBLMS should make maximum use of proven hardware (either as is or modified) 
provided such use does not compromise the IMBLMS objectives. 

The data generated by IMBLMS must be processed in a manner consistent with the 
Apollo Applications Program data management system. 

IMBLMS must be capable of growth to accommodate the presently undefined 
measurements which lie largely in the biochemical, cytological and microbiological 
areas. 



1. IMBLMS must exhibit electromagnet compatibility with the total spacecraft 
environment. 

m. IMBLMS must be "human-engineered" to aid crew performance. 

The design of IMBLMS is proceeding within the framework of these guidelines. At this 
stage of the IMBLMS study, it is premature to discuss how well the General Electric design 
meets the above requirements. Changes, deletions, and additions will occur as the IMBLMS 
objectives are further defined and developed during the Phase C program. 

4.1.2 SYSTEM DESIGN REQUIREMENTS 

General Electric studies have lead to a definition of IMBLMS as the instrumentation of 
common measurement and services functions rather than instrumentation of the total 
experiment function. It is believed that this rationale will enable a much broader and more 
flexible and cost-effective support base not only to accommodate variations in currentlp- 
contemplated experimental protocols, but also to accommodate future experiment support 
requirements. 

Table 4-1 is a preliminary compilation of environmental limits which provide design require- 
ments for IMBLMS. It has been compiled from the data provided by NASA in connection with 
this contract and from other sources available to GE. This table is intended to show, pri- 
marily, the upper and lower limits of tke major environmental parameters which affect the 
IMBLMS design. 

Table 4-2 lists the principal reference documents which affect the design of the IMBLMS 
equipment. These include military specifications and standards, basic NASA documents, 
applicable NASA Center Documents, and NASA Bulletins such as NPC 200-2, 250-1, 500-1, 
etc. These documents provide specific technical and administrative direction to assure that 
the design of this equipment will be compatible with the requirements of the Apollo and Apollo 
Applications Program. 

Safety of the subject is a primary requirement of the IMBLMS system. To our knowledge 
there are no generally accepted safety and performance standards for medical equipments , 
even for hospitals. Table 4-3 describes Safety and Performance Standards used by AEL, Inc. 
for the design of medical equipment for the commercial market. These and other standards 
will be reviewed for application to the design of the IMBLM system. 

4.1.3 SYSTEM DESIGN APPROACH 

4.1.3.1 General Considerations 

To effect a spacecraft-installed general laboratory measurement support facility, the system 
design approach is based on commonality of function, universality of application, adaptability 
to various configurations, effectiveness in any application, and minimum weight/volume. 
These factors a re  significant in the trade-off areas of degree of automation, automated 
calibration, performance range (to accommodate future measurements), and spacecraft 
interfaces. 
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Table 4-2. Applicable Documents 

SPECIFIC ATIONS 

Military 

October 22, 1958 
MIL-E-8189B (1) 

MIL-1-26600 (2) 
May9, 1960 

January 5, 1963 

January 20, 1960 

MIL-P-69096 (1) 

M1L-E-5272(~) 1 

NASA 

Contract NASW-1630 

September 1966 
MSC-SPEC-C-8 

STANDARDS 

Military 

MS- 33 58 6A 
December 16, 1958 

MIL-STD- 130 B 

MIL-STD-143A 
May14, 1965 

June 23, 1964 
MIL-STD-810A 

MIL-R-27542 

NASA 

CSD-A-119 

MSD-AD- 66- 3 

Electronic Equipment, Guided Missiles, 
General Specification for 

Interference Control Requirements 
Aeronautical Equipment 

Plates, Information, and Identification 

Environmental Testing, Aero and 
Associated Equipment, General 
Specification for 

Statement of Work, IMBLMS 

Spacecraft On-Board Equipment, Clean- 
liness Specification for 

Metals; Definition of Dissimilar 

Identification Marking of U. S. Military 
Property 

Specifications and Standards, Order of 
Precedence for the Selection of 

Environmental Test Method for 
Aerospace and Ground Equipment 

Reliability Program for Systems, 
Subsystems, and Equipment 

Certification Test Requirements for 
Apollo Crew Provisions 

Procedures and Requirements for the 
Evaluation of Apollo Crew Bay Materials 
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Table 4-2. Applicable Documents (Cont) 

DRAWINGS 

MIL-D-1000 
March 1, 1965 

Military Specification, Drawings, Engi- 
neering and Associated Lists 

MIL-STD-100 
March 1, 1965 

Military Standard, Engineering Drawing 
Practices 

BULLETINS 

NASA 

NPC 200-2 
- 
April 1962 

NPC 200-3 
April 1962 

NPC 200-4 

NPC 250-1 

NPC 500-1 

NPC 500-6 

DS-33 
November 12, 1965 

PS-14 
September 1 ,  1965 

PR2/M 66-2 6 U 

NHB S300.5 

Quality Program Provisions for Space 
System Contractors (Paragraphs 4.2, 
4.3, 7.4.2.1, 7.4.2.2, 7.4.2.4, and 
Section 11.0) 

Inspection Systems Provisions for Sup- 
pliers of Space Materials, Parts, Com- 
ponents and Services (All paragraphs 
except 3.11); plus "Inspection System 
Notes" (MSC) 

Quality Control Requirements for Hand 
Soldering of Electrical Connectors 

Reliability Provisions for Space Systems 
Contractors 

Apollo Configuration Management 
Manual 

Guide to Documentation Planning 

Toxity of Materials Used in Crew 
Compartments 

Toxicity - Requirements for Non- 
Metallic Materials Proposed for use 
with Crew Compartments 

NASA Approved Materials List 
("Crewbay Non-Metallic Materials 
Status Report, Revision dated 
August 3, 1966) 

AAP Reliability and Quality Assurance 
Plan 

I 
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Table 4-3. Safety and Performance Standards* 

SAFETY 

I Primary Power (115 Volts rms, 60 Hz) 

A. 

8. 

C .  

D. 

.E. 

Components will all be; approved by, -- meet the specifications of, -- or be 
listed by, -- Underwriters' Lab. Inc. 

In addition, three-wire line cords and plugs will be used, color-coded as 
follows; black-115VY white-neutral (current carrier), green-ground 
(no current). 

Power transformers coupling to the line shall be capable of withstanding 
"Hi Pot" of 2500 Volts rms -- secondary to frame and secondary to 
primary. 

The high side of the line (black) will be fused for not greater than 200 percent 
of design current. Power Switch will be on the high (black) side, o r  both, but 
never on neutral (white) only. 

All devices that break line-voltage circuits will be sealed or  enclosed in 
silicon rubber in such a manner aB: to prevent accumulation of gasses in 
the contact area, whenever there is a possibility of equipment use in an 
ignitable atmosphere. 

a Patient and Operator Protection 

A. Monitoring Equipment requiring low impedance connection to the patient, shall 
have all leads fused with 5-milliampere fuses or the fastest type available. 
(This does not remove obligation of II-D.) 

B. Monitoring Equipment will have provision for complete automatic disconnection 
of all patient leads during cardiac depolarization. Transducers are not exempt, 
particularly when contacting electrolytic solutions contacting the blood. 

C. All  Cardiac Resuscitation Equipment (External and Internal) will have both 
electrodes dc isolated from the ground. Artificial Pacemaker electrodes 
will be ac isolated as well with a maximum of 100 picofarads of capacitive 
coupling permitted. (These requirements may not be violated for clinical 
equipment due to the number of extraneous ground circuits that may be pres- 
ent in the patient's body due to monitoring attachments, anesthesia equipment; 
etc.) 

*Prepared by Biomedical Engineering Division, American Electronic Laboratories, Inc. 
for the commercial market. 
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Table 4-3. Safety and Performance Standards (Cont) 
~- 

D. Modular Combination of subsystems on a single patient should, whenever 
practical, be made through a junction box which includes ground current 
monitoring, alarm, and disconnect circuitry. Lends o r  other patient ground 
wires are monitored by OR gates for each wire. The current monitoring cir- 
cuitry must operate on 0.5 milliampere and requires disconnection of all leads 
in less than 1 millisecond. Reset or  reconnection is manual. 

I11 Hazardous Gases and Fluids 

Protection is not included in standard equipment. However, all equipment will 
utilize sealed contacts for all circuits that can possibly spark, Power supply 
voltages of less than plus eight and minus eight Volts are recommended. Excep- 
tion must be made in Cathode-ray Tube Displays or other Displays substituted, 

PERFORMANCE 

I Electrocardiographic 

A, Frequency Response (minimum) - 6 dB points 0.05 Hz and 200 Hz 
(graphic recording only, 0.05 Ha and 125 Ha) 

B. 

C. 

Dynamic Range (minimum) - 0.1 mV to 10 mV 

Electrode Impedance to Skin (minimum), PreamFlifier Input: - 2 megohms; 
"Active Electrodes", 500 kilohms; conventional 

I1 Phonocardiographic - Frequency Response (minimum) - 6 dB points 20 Hz and 
2000 Hz 

I11 General 

A. 

B, Interface Analog Data 

Signal to Noise Ratio (minimum) - 42 dB 

1. 
2. 

Level &l V = full scale 
Impedance (maximum) = 500 ohms 

C. Interface Digital Data - Binary Coded Decimal Preferred 0 and + 1.5 V 

D. A/D Converters must accept the i1 V analog signal as full scale (with maxi- 
mum of i2.5 V) and make the conversion to numerical values required for the 
parameter measured. 

E. Calibration of transducers and preamplifiers will be accomplished by front-end 
signal insertion, so that entire signal chain is calibrated. When practical th i s  
should be done automatically o r  at  command of attendant. 

. .  
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As discussed elsewhere, IMBLMS hardware are those common equipments which may be 
used in support of multiple experiment requirements. To optimize system design, these 
elements are  integrated with each other and the spacecraft to provide a minimum weight/ 
volume package. For example, similar functions are  combined into one multipurpose device 
rather than a number of single-purpose devices. 

An important system design consideration is electrical power and signal (sensor output) 
distribution, because cross -talk interference can significantly reduce the quality of output 
measurement signals. Similarly, because of the low level of many biological signals, 
grounding practices are extremely important in reliably obtaining signals. Biotelemetry 
has been extremely useful in eliminating grounding problems in physiological data acquisition 
systems. Potential biotelemetry receiver requirements were collated in the expectation that 
within the large volume of the S-IVB, requirements for biotelemetry within the vehicle will 
arise. Three such potential requirements are: 

a. Ballistocardiography 

b. Endoradiosonde 

c. A small radius human centrifuge 

One of the classic problems in the detection and monitoring of biopotentials is the interface 
between the transducer and the subject. Problems of changing skin electrode impedance 
call for a high-impedance system. The high-impedance system creates further problems 
because of lead length to the monitoring or recording equipment and associated design pro- 
blems regarding the inputs stages of the equipment. 

A so-called "Active Electrode'' has been developed by AEL, Inc., as  a solution to the classic 
problem. It consists of a micro-miniature circuit built directly into the conventional skin 
electrode. A gain of one is provided with an input or  electrode impedance of greater than 2 
megohms and an output impedance of less than 100 ohms. The low impedance line which 
runs from the active electrode to the monitoring equipment may be 25 to 50 feet or more. 
Motion artifact, alternating current interface, and many other problems associated with 
electrode use a re  appreciably reduced. If the AEL "Active Electrode" concept is used, then 
lead length is not a problem. As a result, the constraint of vest-mounted electronics also 
disappears and more conventional and versatile fabrication can be considered. 

4.1.3.2 Basic Minimum Capability 

The complete IMBLMS is being designed to support a program involving any of the tentatively- 
identified measurements, and yet be sufficiently flexible to enable as-yet undefined future 
support. The selection of measurements for any particular mission will be determined by 
several variables, such as priority of experiment, time available, characteristics and 
identity of the experiment site. The General Electric approach to accommodating such diverse 
experimental measurement requirements is to define a basic and minimal measurement 
capability which would be essential in any experiment combination, and to which standardized 
IMBLMS modules would be added as required to support any particular selected group of 
experiments. 
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Consistent with this approach, it has been assumed that each experimenter will want to 
measure the general environment in which his experiment is being performed. Acquisition 
of atmospheric parameters of temperature, total pressure, gross composition (i. e., oxygen, 
carbon dioxide, diluents, water vapor partial pressure) plus , perhaps, the g- level are 
desirable. Other environmental factors such as light level, trace contaminant concentration, 
may be required. None of the presently-identified experiment performance areas (LM , MDA , 
CM, OWS) provide a complete readout of the environment. In the LM system, although 
oxygen concentration is available, neither water vapor concentration nor g - level is available, 
and the accuracy of the data that is available may not be compatible with the experiments' 
needs. 

Selection of the measurement of environment parameters for a minimal IMBLMS capability 
is arbitrary. A companion selection could be a measuremect such as heart rate. Heart 
rate can be monitored directly, or  extracted from other measurements as a by-product. ' 

The phonocardiogram and electrocardiogram are  examples of two such measurements. 

Assuming that an electrocardiogram was selected, a corresponding minimum system schematic 
is shown in Figure 4-3, Note that this minimum system capability inherently provides more 
than heart rate. Also, this minimum IMBLMS capability can be used to monitor crew 
viability, an important non-experiment function for IMBLMS. Actually, heart rate is a by- 
product of the electrocardiogram. 

As shown in Figure 4-3, the feasible basic measurement capability would be made up of the 
modules to sense ECG and a minimum of environmental parameters, plus power conditioning, 
signal conditioning, and the data-management modules to provide the necessary programming, 
measurements and outputs. 

Individual modules for this basic system capability may be identified as follows: 

a. Single Purpose Modules 

1. Experiment Measurement Sensor (ECG) 

2. Atm Temperature Sensor 

3, Atm Total Pressure Sensor 

4. g-Level Sensor 

5. Atm - Partial Pressure Sensors (may be individual or combined) 

6. Programmer 
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b. Potential Multiple Purpose Modules 

1. Display 

2. Recorder 

3. Power Conditioner 

4. Signal Conditioners 

5. Calibration 

Because IMBLMS hardware is multiple-purpose wherever possible and thus capable of sup- 
porting more than one sensor, both single-purpose and potential multiple-purpose modules 8 

a re  identified. 

The basic minimum system can be augmented to any degree dependent on the selected 
protocols. Figure 4-4 illustrates the basic minimum capability, augmented, for example, 
by respiratory measurements in conjunction with ergometer exercise. As indicated on 
Figure 4-4, the input to the atmospheric partial pressure sensor has been switched from 
the environmental input to the input from the human subject, and the ergometer output 
has been added to the system input. 

I. 4-14 



* * * * e  

E 
a, 
m 
R m 
u 

L 

I. 4-15 



4.1.3.3 Module Definition 

Inherent in the GE IMBLM system concept is the definition of a module as a system element 
which performs a specific system function. Dividing the IMBLMS into "standard" functional 
modules offers flexibility in meeting specific mission experiment requirements. Only those 
modules which are required are used, thus reducing size, weight, and cost for that particular 
mission. Whether a specific system function should be provided by several identical modules 
or one single module will depend primarily on the range of performance required and the 
effect of this performance range on physical size and weight. If the performance range is 
narrow o r  can be accommodated without significant effect on the size and weight, only a 
single module per function should be used. 

The performance capability of each module must be based on the requirements of the entire 
IMBLMS assembly. One approach is to make each multipurpose module capable of supporting 
all foreseeable measurements. In some instances, this may be desirable. In others, the 
resulting physical size and weight or  other complexity may warrant two or  more submodules 
having the same system function, either identical in capability, or  each having a different 
range of capability. For example, the power conditioning function for the total IMBLMS 
could be provided by three identical (or similar) power conditioning submodules. If only a 
few measurements are required for a specific mission, only one of the power conditioning 
submodules would be used. 

In general, the system is amenable to the various possible combinations of experimental 
measurements by additions of appropriate modulesn or  by appropriate changes in computer 
software. Table 4-4 is an IMBLMS equipment list, formulated to show the multiple measure- 
ment and functional capabilities of the multipurpose modules. The emphasis on commonality 
is illustrated on Table 4-4 by the bio-potential amplifier which, for example, with suitable 
computer-programmed or  manual control of gain and bandwidth, is used for ECG, EMG, 
EEG, PCG, Nystagmograph o r  Ear Oximeter measurements. In the same sense, of course, 
the Microscope module is used for RBC, NBC, differential white count, urine, and (possibly 
at a later date) examination of bacteria. 

Table 4-4 does not include the multipurpose Data Management modules. These- are covered 
by discussions contained in the Data Management section of this report. Also excluded from 
the table are the modules used for storage of sensors, biochemical reagents and processing 
paraphernalia, and interface connection leads, tubing, etc. 

From current investigations, it  appears that space-qualified methodologies and hardware, for 
carrying out most of the currently-planned on-board biological and chemical measurements, 
may not be available for mid-1970 operations. For early flights, and for those measurements 
where sample-freezing is feasible, storage of frozen samples would be necessary, with sub- 
sequent return of samples to the ground. Analyses for worst-case conditions indicate that a 
sufficient freezer capacity for on-board storage would entail a serious weight/size penalty. 
For such conditions, consideration is being given to the provision of small, modular, indepen- 
dent freezers: These would permit sizing the freezer capability to particular missions and as 
an additional advantage would permit the use of the small and independent freezer modules in 

P 
k"2 
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transporting to the ground during crew change-over operations. In this latter mode, the 
freezer modules may be used either without their associated modular refrigerant equipment, 
or with this low-powered equipment energized from the re-entry vehicle. It should be noted 
further, however, that freezer-sizing analysis, for sample-storage recommended elsewhere 
in this report, indicates a freezer of some 2.7 cubic foot volume, weighing 15 lbs. , and 
consuming 13 watts. These figures are of the same order of magnitude as those for the 
above-mentioned modular independent freezers. 

Table 4-4. Examples of Multipurpose Modules 

Module 

Biopotential Amplifier 

D Z Detector Amplifier 

Positive and Negative Pressure Control . 

Thermistor Bridge Amplifier 

Strain Gauge Amplifier 

Capacitance Plethysmograph 

Gas Flow Meter  

Measurement Function Served 

EEG 
EMG 
EKG 
Nystagmogram 
PKG 
Ear Oximeter 

ZKG 
ZPN 

Blood Pressure 
LBNP 
Carotid Neck Cuff 
Anti-G Suit 

Deep- Body Temperature 
Skin Temperature 
Nares/Mouthpiece Respiratory Sensor 
Other Temperatures 

Pressure Gauges 
Accelerometers 
Chest-Band Respiration Sensor 
Strain Gauge Plethysmograph 

Venous Compliance 
Limb Volume 

Respiratory Rate 
Tidal Volume 
Lung Capacities 
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Table 4-4. Examples of Multipurpose Modules (Cont) 

Module Measurement Function Served 

Gas Partial Pressure Analyzer PO2 
PCO2 
PH20 
Respiration Measures 
Metabolic Measures 

Serum 
Plasma 
Urine (possible for microscopy) 

Blood 
Serum 
Plasma 
Urine 
Feces 

Microscope RBC 
WBC 
Differential White Count 

' Urine 
Bacteria (Possible) 

I Waste Bailer Disposal Wae te 

Add-ons for Later 

Spectrophotometer 
Fluorimeter 
Ne phe lom e t e r 
Densitometer 
Radiation Counter 

~~ ~~~~ 

Incubator 
Refrigerator 
Thin-layer Chromatograph 
Temperature Bath 

1 

Because of the design approach featuring commonality and multipurpose modules, a minimal 
group of IMBLMS modules will have the inherent ability to perform all of the measurements 
for which several separate government-furnished equipments are suggested in paragraph B2 
of Article 11, Statement of Work, NASA-RFP-10-1243. Significant savings may accrue by 
waiving use of some of the proposed, separate government-furnished equipments which per- 
form single-measurement functions, such as the electrocardiograph, vectorcardiograph, 
phonocardiograph, impedance pneumograph, electroencephalograph, body care temperature 
measurement system, and possible the egocentric visual location of horizon measurement 
system. (Items b, c, d, g, j ,  1, and my of the referenced paragraph.) 
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In most of these instances it may be feasible to use only some elements of the GFE systems, 
such as the sensors. The functions of the remaining elements, i.e. , displays, signal condi- 
tioners, controls, etc., are available from the multipurpose amplifiers, signal conditioners, 
display elements, etc. , inherent to the IMBLMS equipment. As an example, multipurpose 
modules and elements of IMBLMS perform as a vector-cardiograph o r  electroencephalograph, 
etc., merely by appropriate software programming and interface connection with appropriate 
body-mounted sensors elements. 

It is important to note that the IMBLM system does not contain, for example, an electro- 
encephalograph module per se , but rather an electroencephalograph measurement capability. 
This measurement capability is achieved by an appropriate functional combination of standard- 
ized single and multipurpose modules. 

4.1.3.4 Computer CapabiliQ 

The computer capability, whose operation is more fully described in the data-management 
section, is a central factor that enables multiple-function performance of the modules in 
many of the measurement operations. / 

For various operational configuration levels, the IMBLM system performs its various 
measurement functions by modifying software and the programming of the data management 
sub-system, and not be the addition of single-purpose measurement complexes. This is in 
accord with the General Electric approach of designing multipurpose modules for optimum 
flexibility. The use of the on-board computer, along with the IMBLMS data management sub- 
system, further reduces the number of separate equipments which IMBLMS must provide. 

The data management subsystem is designed with essentially the same modularized flexibility 
applicable to the WBLMS as a whole. The flexibility of IMBLMS in meeting the various 
mission-oriented combinations of measurements is matched, to a considerable degree, by the 
flexibility of the data management subsystem to meet the operational requirements of the 
experiment protocols. These varying requirements may result from trade-off studies involving 
total-mission-oriented time-line analyses, desired degree of IMBLMS automation, operator 
skills and training, mission-payload weight/volume restrictions, etc. 

Table 4-5 shows the breakdown of signal processing requirements between IMBLMS modules 
and the on-board computer, for some of the measurement capabilities. 

The advantages of maximum use of the computer and data management capabilities are most 
apparent in the behavioral area, GE has had a considerable amount of experience in behavioral 
testing, e. g. 15-day and 30-day space cabin simulation experiments, and has developed 
several computer-controlled measures of performance. 

The presence of an extensive data management system as an integral part of IMBLMS enables 
the system designer to take full advantage of the commonality principle. By judicious use of 
the displays, controls, and data management facilities inherent in IMBLMS, together with the 
on-board computer, a comprehensive behavioral testing battery may be constructed. A s  an 
example, Table 4-6 shows the behavioral measurements, along with the equipments necessary 
to make these measurements. 
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Table 4-5, Computer Functions for Various Measurement Capabilities 

Measurement Capability 

EKG 

Ny stagmogram 

EMG 

PKG 

ZKG 

ZPN 

Capacitance 
Plethysmogram 

Thermistor 
Measurement 

Strain Gauge 
Measurements 

Gas Partial 
Pressures 

Behavioral 
Tasks 
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Modules Function 

AMP, Frank Network 

AMP 

AMP 

AMP 

AMP and Microphone 

AMP 

AMP 

AMP 

AMP 

AMP 

Detection, AMP 

Utilization of Displays 
and Controls, Keyboard 
Entry 

Bio-Med Computer Functions 

Calibration, Heart Rate 

Calibration, Rate Amplitude 

Calibration, Integration 

Calibration, Spectral Analysis 

Stimulus Generation, Calculation 
of AZ, Calibration 

Stimulus Generation, Calculation 
of AZ, Calibration 

Stimulus Generation, Calculation 
of b C  , Calculation of Body 
Volume, etc. 

Calculation of AT, Respiration 
Rate, Tidal Volume 

Calculation of Physiological 
Parameters 

Calculation of Metabolic and 
Respiratory Parameters 

Gene ration of Stimuli, 
Calculation of Responses 
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In Table 4-6, the modified orthorater is a significant addition to the equipment complex.. 
Orthoraters are clinically used to measure all of the parameters listed under Visual Function. 
The orthorater may also be modified, however, to allow its use as a substitute for the otolith 
test goggle and the rod/sphere device. The flight-qualified test goggle, for example, depends 
upon cinematography for data recording. If the orthorater were used in conjunction with the 
biomedical computer, a more accurate measure of apparent horizonality and vertical position 
could be obtained. Both of these devices may also be controlled by the computer, permitting 
their use as tracking testers. 

The power of the computer as a stimulus generator is manifested in the measurements of 
Auditory Function. A stereophonic earphone set, in conjunction with the computer, makes 
an extremely versatile audiometric system. The system's designer, however, must be cog- 
nizant of the importance of stray noises. It would not be feasible to build a soundproof chamber 
as a part of IMBLMS, and bone conduction might make all of these measurements useless. 

For such tasks as warning-light monitoring and arithmetic computation, the advantages of 
computer control are obvious. The displays which are an integral part of the biomedical 
monitoring system, together with their controls, software, and a keyboard entry device 
permit a multitude of such measurements. Their efficiency and complexity is limited prim- 
arily by the ingenuity of the system designer. 

General Electric has received a number of proposals for  the development of sophisticated 
behavioral equipment. Examples of these are the noncontacting eye motion sensor developed 
by Bio-Systems and the oculometers made by both Honeywell and Bausch & Lomb. While 
these instruments can be very useful in determining ocular parameters, they are still not 
sufficiently developed to be currently considered for IMBLMS. The IMBLMS system, however, 
must and does supply the support functions necessary for their inclusion at a later time. For 
the present, an electro-oculogram, taken with the general purpose biopotential amplifier and 
EEG electrodes placed bi-temporally will adequately describe eye motion. 

4.1.3.5 Degree of Automation 

Many of the factors which would determine the optimum degree of automation designed into 
the IMBLM system operation are as yet indefinite. Among these is the relation between sub- 
ject motivation and the measurement protocols. 

However, some basic points have evolved which can provide initial direction. The time-line 
analyses indicate that available experiment time is at a premium. Since there are many 
periods during which only one astronaut is available for measurement procedures, the astro- 
MUt'S activities with respect to the measurements should consist of only what is necessary 
for setting up the experimental gear and establishing the measurement interface connections. 
The remaining actions should then be automated to the greatest possible and feasible extent. 
This would include automatic scheduling and alerting, with manual override. In addition, 
procedural instructions for setting up modular interfaces and performing the measurements 
should be stored, and displayed via automatic (or manual) call-up. The conduct of repetitive 
groups of procedures involving sequenced, multiple measurements, e specially from 
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sensors and behavioral protocols, should be completely automated if pos- 
software can program and route input stimuli, timing, and sensor outputs 

via appropriate, automatically-selected signal channels from computer to sensor and back to 
sensor and back to data termination points (Le., display, transmit, o r  store). Feedback of 
calibration measurement output information, via display to the operator for comparison with 
stored/instructions, should be automatic, Similar feedback of measurement information 
should be accomplished automatically if meaningful and feasible for procedural purposes. 

4.1.3.6 Overall System 

The capabilities of the complete IMBLMS system are illustrated on Table 4-6A. Column 1, 
ffMeasurement group, If identifies the generic class of measurements. Column 2, ttMeasure- 
ments, indicates the types of measurements which are anticipated and enabled in each class. 
Column 3, IfSensors, I t  points out the type of sensor used for the respective measurements, 
Where no clearly identified sensor is mentioned, particularly in some behavioral and specimen- 
sampling protocols, the phrase ffkeyboard entry" is used to identify that the observer registers 
data in the data management unit via keyboard punch. Column 4, Y3ensor Support, If identifies 
ancillary support equipment o r  material used in conjunction with the sensors. Column 5, 
ffComputer stimulation needed, indicates computer function outputs to the measurement 
procedure, as differentiated from computer functions that process data for ultimate delivery 
to the principle investigator. Column 6, Wignal Conditioner, l1 contains entries for only those 
electrical measurements which require processing prior to input to the data management unit: 
The entries identify the signal conditioner type. Column 7,  "Computation performed by 
computer, identifies the me asurement parameter of which an analog o r  digital version is fed 
to the data system storage, display, o r  transmission elements. 

Essentially, Table 4-6A illustrates the equipment/elements and their functions, within IMBLMS 
that would correspond to any particular measurement. However, the functions and elements 
within the data management subsystem are not identified on Table 4-6A, since these are  
described in the data management seclion of this report. 

Similarly, Figure 4-5 illustrates the flow of the various measurement functions of which the 
IMBLMS is capable. However, the performance of measurements on, and processing of, 
sampled specimens such as  blood, urine, etc., is not included, because these operations are 
essentially manual. 

The measurements identified and classified in the left-hand columns of Table 4-6A, are  detected 
or generated by the respective sensors identified in the "sensor" block. After  conditioning 
of the resulting outputs, by the elements in the "signal conditioner" block, the measurement 
analog is fed to the "Data Management Subsystem, where the values indicated in that letter 
block are computed. Dotted lines across the "signal conditioner'' block imply that the signal 
conditioning function is not used, but is by-passed. The functioning within the data manage- 
ment subsystem is not shown, since this aspect is discussed in the data managementosection 
of this report. 
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Pressure (blood), 
press, LBNP, 
respiratory, 
environmental), 
accelerometers, 

f 

Table 4-6A. IMBLMS Capabilities 

1 

Measurement Group 

2 

Measurements 

3 

Sensors 

- 

4 5 
Computer 

Stimulation 
Needed 

6 

Signal Cond. I 
I 
I 
I 

I 

7 
Computation 

Performed by 
Comuter 

Sensor Supportc 

Frank network I 

electrode application 
kit junction box, 
fusing, cabling 

Bio-Potential EEG, EKG, EMG, 
Nystagmogram 
(EOG) 

Active 
electrodes 

Calibration General 
purpose 
diffflampl- . 
ad justable 

bandwidth and 
gain selected 
by (software 
or  manually) 

Heart rate 
Integrated EMG 

Temperature Skin temp, core 
temp. nares air 
flow, cabin air 

Thermistors Bridge circuit 
cabling 

Calibration Resp. rate General 
purpose 
diff'l ampl- 
adjustable 

bandwidth and 
gain selected 
by (software 
or  manually) 

General 

diff'l ampl - 
adjustable 

bandwidth and 
gain selected 
by (software 
or  manually) 

purpose 
Strain Gauge Strain gauge 

transducers 
Cabling Calibration 

Generation 
of high 
frequency 
constant 
current 
source 

Pressures, 
accelerations, 
forces applied, 
their derivatives, 
etc. control 
functions may 
also be rsquired 

Base impedance, 
impedance 
change, rateof 
impedance change, 
cardiac output, 
respiration rate, 
tidal volume 

Body Impedance ZKG, ZPN 
venous pressure, 
regional blood 
flow 

2 passive 
electrodes 
(stimulation), 
2 active 
electrodes 
(piLk-up) 

Electrode 
application kit, 
junction box, 
fusing, cabling 

High freq. 
amplifier 

General 

differential 
amplifier 

purpose 
Calculation of 
metabolic and 
pulmonary 
measures, e. g. 
0 consumption, 
C& production, 
R. Q. , perfusion 
and dfffusion, etc. 

Respiratory Lung capacities, 
O2 consumption, 
COz production, 
pulmonary 
ventilation, 
pressure/flow/ 
resistance 

Gas flowmeter, 
mass spec- 
tometer. 
pressure 
gauges 

Face mask, 
metabolic hood, 
hoses, valving, flow 
interrupter (for 
intrapleural press- 
ure),calibration gasei 

Cardiac Microphone PKG Chest 
microphone 

Pressure 
gauge 9 

Karotkoff sound 
microphone 

Adhesive, cabling Cuff 
pressure 
Program- 
ming 

(For PKG) 
General 
purpose 
differential 
amplifier (for 
blood 
pressure). 
General 
purpose 
differential 
amplifier, 
plus tuned 
amplifier for 
Karotkoff 
sounds 

Calculation of 
systolic + diastolic 
pressure Blood pressure Cuff, programmed 

pressure source 
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Table 4-6A. IMBLMS Capabilities (Cont) 

3 

Sensors 

4 5 
Computer 
Stimulatios 

Needed 

2 6 

;mal Cond. 

teceiver- 
iomparator 

7 
Computation 

Performed by 
Computer 

Evaluation of 
echo or doppler 
effect 

I Measurement Group Measurement Sensor Support 

Cardiac output, 
venous pressure, 
regional blood 
flow, limb 
volume, gastric 
motility, many 
others 

Crystal Control of 
pulse 
generation 

Pulse generator, 
adhesive 

Limb volume, 
response to 
occluding cuffs, 
venous pressure, 
others 

Mesh cuffs Cabling, fusing, 
oscillator circuit 

Iigh 
requency 
mplifier 

Calc. of AC, 
A volume 

Keyboard 
eatry 

Microfilm projector, 
lenses, controls, 
light meter 

Response 
analysis 

Dark time- 
adaption, visual 
acuity, depth 
perception, 
phorias, pattern 
discrimination, 
readhg, modified 
otolith test goggle, 
rod sphere device, 
etc. 

Two and three 
dimensional, 
kinesthetic function 
psychomotor 
function 

Pitch, intensity, 
localization, 
patterns, motion 

Program- 
ming of 
tests. 
light 
intensity 
control 
etc. 

Generation 
of signal 
to be 
tracked 

Generation 
of all 
auditory 
stimuli 

Control stick, 
control stick 
with telescoping 
handle 

Modified rod/sphere, 
oscilloscope screen, 
three dimensional 
course 

Calculation of 
position, errors, 
steadiness, etc. 

Track@, Motor 
Movement 

Auditory Keyboard or 
switch entry 

Stereo earphones Response analysis 

F -- 

Reaction tirie, 
alertness, 
cognitive 

Keyboard 
entry 

Displays and 
controls 

Calculation of 
response time 
and accuracy 

Generation 
of 
arithmetic 
problems, 
Warning 
light 
control, 
etc. 

~~ ~~~ 

On-bowd: 
Hematocrit, RBC, 
WBC, blood 
clotting time, 
urine pH 

Feces, serum, 
plasma 

Post-flighk 

Specimen Sampling 

~ 

Keyboard 
entry for 
on-board 
measure 

Biochemical storage 
centrifuge, freezer 
microscope, waste 
baler 

Possible 
keyboard entry 
for accounting, 
time 
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4.1'. 3.7 System Weight, Volume, and Power Consumption 

I 
I 
I 
B 
I 
I 
I 
I 
I 
I 
I 
1 
1 

The estimated weight, volume, and power consumption of the complete IMBLMS, excluding 
an allowance for expendables, are calculated to be: 

Weight 277 lbs. 

Volume 19 cubic feet 

Power consumption 501 watts 

A detailed breakdown of these figures is provided in the equipment section of this report. 

Calculation of these parameters for a minimum basic capability is affected significantly by 
the degree to which the data management subsystem is utilized, and the particular selection 
of measurements to be made. In general, however, the parameters appear to be of approx- 
imately the following values: 

Weight 70 lbs. 

'Volume 2.8 cubic feet 

Power consumption 250 watts 

4.1.3.8 Summary 

The Integrated Medical and Behavioral Laboratory Measurement System (IMBLMS) as con- 
ceived by General Electric will provide, in a modular packaging arrangement, the common 
measurement and service functions for in-orbit support of planned and anticipated aerospace 
medical and behavioral experiments. IMBLMS is essentially the spacecraft equivalent of a 
ground-based laboratory facility. The equipment is designed to meet rigid space-oriented 
requirements including safety of astronauts and vehicle, spacecraft interfaces, operational 
simplicity, mission-support flexibility, and growth potenti;l. 

The design approach features functional modules with multiple applications to a variety of 
measurement protocols, thus avoiding a multiplicity of separate, individual-measurement 
equipments. Selected functional modules would comprise a basic minimum capability which 
would perform measurements necessary in conjunction with essentially any planned experi- 
ment protocol. This minimum capability would measure selected environment parameters and 
a basic subject parameter such as heart rate. The IMBLM system can then be sized for any 
mission-oriented experiment support, by inclusion of a minimum number of appropriate addit- 
ional standardized multi-functional modules. 

- 

The IMBLMS data management subsystem arld the on-board computer capability provide the 
multiple functions that enable automation of significant portions of the measurement procedures. 
Use of these facilities is of special value in behavioral and physiological measurement pro- 
tocols. For measurements associated with specimen processing, the data management sub- 
system serves primarily for scheduling and data recording. 
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An overriding consideration in system design has been, and must continue to be, the safety 
of the astronauts and spacecraft. Emphasis is placed on all measures necessary to assure 
the elimination of potential hazards from fire, electric shock, structural factors (sharp edges, 
wear and pinch points, etc.) and faulty measurement results. 

* 
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4.2 DATA MANAGEMENT 

The Phase B IMBLMS Data Management Study has resulted in the following: 

a. Establishment of criteria which the data management subsystem should satisfy. 

b. Analysis of the on-board and ground communications network to a degree sufficient 
to: 

1. Identify constraints which will affect the data management concept; 

2. Identify areas where modifications in data handling techniques or equipment 
may be required. 

c. Identification of measurement requirements in sufficient depth to estimate maxi- 
\ ’  mum system requirements and operating ranges. 

d. Preliminary analysis of the data accumulation and transmission load and analysis 
of the effects of data compression. 

Functional requirements for the data management design. 

. 

e. 

f. Definition of the preliminary data management subsystem design concept. 

The design concept required some assumptions as to probable advances in the state-of-the- 
art ,  but these assumptions are  based on core developments already under way and with 
high probability of success for use in 1970 hardware. The more significant aspects of con- 
cept evolution to the current desigh stage are: 

a. Software revision is chosen in preference to hardware modification to accommodate 
high variability in experiment requirements. . -  - 

b. A variable programmed data acquisition concept is chosen because of varying 
measurement requirements and considerable variation of amount of data requiied 
among the measurements. 

c. The concept of digitizing data close to the sensor source is chosen because of the 
need to reduce the volume of data transmitted, the requirement for multi-purpose 
processing, and the necessity for high accuracy and consistent reproducibility. 

d. The use of an on-board computer is incorported in the design concept because of 
the necessity to perform considerable on-board processing for experiment control, 
data analysis, data acquisition, data compression, data display, etc. 

It is intended that the common hardware of the data management system will fulfill multi- 
purpose functions thereby eliminating portions of the special purpose hardware. In the 
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early IMBLM systems, communication between the experimenter and the DM (Data Manage- 
ment) subsystem will be via a display and control keyboard interface. In subsequent IMBLM 
system evolution, verbal communication o r  instruction by the DM subsystem to the experi- 
menter is deemed practical. 

The IMBLMS Data Management Phase B Study results are discussed in the followihg order: 
I 

a. 

b. Communications Network 

Definition of IMBLMS Data Management Design Criteria 
, 

c. Measurements and Measurement Load 

d. Data Compression and Effects on Measurement Load 

e. Functional Design Requirements 

f. Preliminary Design Description 

g. Summary 

4.2.1 CRITERIA FOR IMBLMS DATA MANAGEMENT - 

The following criteria was established as basic guidelines for the conceptual design of the 
IMBLMS Data Management subsystem. The criteria are self explanatory and it is intended 
that the subsystem concept will demonstrate compliance. 

4.2.1.1 Criteria Related To On-Board Usage 

The following items comprise the criteria for on-board use of the IMBLMS: 

a. 

b. 

c. 

Provide automatic safety and hazard indication 

Provide a universal control, entry and display capability 

Provide remote control and display capability 

d. 

e. 

f. 

g. 

Accommodate special case unique control and display requirements 

Provide for storage and recall of data 

Provide on-board data work bench capability 

Permit astronaut assessment of experiment progress 
- 
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h. Permit simple operating procedures 

i. Provide experiment procedure and operating instructions display 

4.2 .1 .2  Criteria For Hardware Design 

The following items comprise the criteria for the design of IMBLMS hardware: 

a. Provide for flexibility and modular expansion 

b. 

c. 

Provide standardized d&it-al and analxinterfaces 

Demonstrate good integration with spacecraft communications hardware 

d. Demonstrate optimum design tradeoffs for effectiveness versus power, volume, - 
weight, . etc . 

e. Comply with space envelopes of the Orbital Cluster, LM and Refurbished Command 
Module 

4 . 2 . 1 . 3  Criteria For Operational Aspects 

The following items comprise the criteria for operational aspects of the IMBLMS; 

a. 

b. 

C. 

d. 

e. 

f. 

4 . 2 . 2  

Satisfy the requirements of the principal investigators 

Satisfy the requirements of the mission operation functions 

Provide well integrated time sharing with on-board systems and the communication 
networks - - -  

Reduce data handling and transmission to a practical minimum which will accom- 
plish objectives desired 

Hold data in storage on-board for durations sufficient to permit assessment by 
ground personnel 

Provide a consistent and integrated checkout interface that accommodates AAP 
pre-launch and post-launch checkout procedure and policy 

COMMUNICATIONS NETWORK 

The primary purpose of the IMBLMS is the support of the medical and behavioral experi- 
ments, therefore, it is essential that required experiment results a re  not compromised 
as a result of constraints introduced by either the DM subsystem o r  the communication 
network. It is incumbent upon the data management subsystem designer to design the 
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optimum subsystem by specifying data collection and transmission techniques compatible 
with existing and planned ground receiving capability. This section indicates GE's under- 
standing of the Apollo Communication Network inasmuch as it would affect the IMBLNLS 
Data Management problem. 

It must be noted that the final configuration of the communications system for the orbital 
cluster and the ground systems has not been finalized and that there are some conflicts 
in indicated capabilities. This in part results from the fact that the support requirements 
for Gemini, Apollo Missions and Apollo Applications missions are not identical and that the 
capabilities are currently being modified and updated. Communications personnel of the 
AAP Payload Integration Contractor (Martin-Denver) were contacted with an end result of 
better understanding and some clarification,, 

4.2.2.1 On-Board Communications System 

The on-board communications system can be dividided into two major categories. One con- 
cerns IMBLMS on-board data handling and the other concerns the on-board transmitters. 
On-board data handling is discussed later. This section will consider the transmission 
capabilities. 

Figure 4-6 illustrates the potential on-board transmission capabilities. Potentially, there 
will be nine carriers used to transmit the entire AAP %luster" data. The two VHF trans- 
mitters identified in the S-IVB may not be' included., Of these nine only three are presently 
under consideration as real time links, one USB in the CM, one VHF in the AM and one 
VHF in the ATM. ~ h u s ,  transmission over the other Six will require recording at the 
ground station prior to transmission to MCC-H. It is currently intended that the total P C M  
capability of one of the nine transmitters will be assigned for the exclusive use by IMBLMS 
when IMBLMS data is to be transmitted. The probable candidates for IMBLMS assignment, 
in most probable to least probable order are: 

a. The 

b. The 

c. One 

d. The 

e. The 

VHF playback transmitier in the airlock. 

FM-USB, in PCM mode, in the Command Module. 

of the two VHF transmitters in the S-IVB if included in the system. 

PM-USB in PCM mode in the command module. 

housekeeping VHF transmitter in the airlock. 

The USB PCM rate is currently 51.2 kilobits/sec as contrasted to 112 kilobit/sec rate in- 
dicated for the VHF transmitters. 
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The airlock playback transmitter currently has three operating options: 

a. 

b. 

Playback tape from MDA and AM. 

F M  data out of Work Shop (S-IVB) 

c. Voice 

A fourth option for IMBLMS PCM data could be added, 

The 112.5 kilobit data rate capability for the A/M VHF transmitter may not be firm in that 
the current carrier bandwidth of 125 KHz is not compatible with the desired 112 KHz X 1.5 
= 168 KHz bandwidth. McDonnel Aircraft is currently considering expanding the bandwidth. 
The 300 KHz bandwidth of the ground station is compatible. 

Two PCM data rates have been identified for the S-IVB workshop transmitters, i. e, 72 
kilobitdsec. and‘ 112 kilobits/sec. The 72 kilobit/sec. data rate was indicated as most 
probable. 

In summary, data from all 9 transmitters aboard the cluster can be transmitted, and one 
of these data rates,- 51.2, 72 o r  112.5 kilobits/sec. will be assigned to IMBLMS. 

If it were assumed that all transmitters were to transmit in PCM mode, a total data rate 
from the space station (orbital cluster) could exceed 600 kilobits/sec. when over a ground 
station. 

4.2.2.2 Space To Ground Interface 

Consideration must be given to the fact that spacecraft-bground contact is not continuo-is. 

Figure 4-7 indicates a statistical distribution of telemetry (T/Pd) time durations of rf ccn- 
tacts between the spacecraft and ground stations, and’T/M time durations of no rf contact, 
for 3 typical mission days for a spacecraft in a 28i-degree and a 50-degree inclined orbit. 
A n  orbital inclination of 50 b 60 degrees may be used for the second orbital cluster. 

” -  - 

It should be noted that Figure 4-7 assumes usage of all 14 MSFN USB sites and perfect 
circle interceptions between the spacecraft and the ground station receiving range cone:, 
which is probably optimistic. The average coverages per orbit are  also indicated for or% 
inclinations of 28.5 and 50 degrees and are  25% and 19% respectively. With use of 11 sites 
and accounting for time-line problems, the 25% can reduce to 10%. It is evident that T/M 
contacts of 7 to 8 minutes a re  the most common and that intervals of no T/M contact of 20 
to 40 minutes are  not uncommon. Some periods of no T/M contact extend to over two hours. 
This indicates that it may not be practical, o r  may even be impossible, to transmit I?4BLMS 
associated experiment data in real time during total time of an IMBLMS monitored experi- 
ment. The assumption is made that, generally, the experiment will take more than seven 
to eight minutes and, unless tightly scheduled, would be unlikely to coincide, start-to-finish, 
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with the time period during which the spacecraft passes through a ground station communication 
cone. Barring a continuous air-to-ground communication capability, which would be accom- 
plished with communication satellites, it will be necessary to accumulate the experiment data 
into a pre-addressed coherent data package and then transmit the data to the ground when the, 
spacecraft next passes in range of a ground station. However for maximum flexibility, 
provision will be made in IMBLMS for real time and playback transmission. 

4.2.2.3 Apollo Communications Network (NASCOM) 

Figure 4-8 illustrates a typical Apollo communications network. Of immediate interest to 
the data management task are  the 11 ground station sites (see sites marked with asterisk) 
shown in upper left corner, identified tentatively as the minimum requirement for ground 
station support for the early AAP Orbital Workshop Cluster in a 28i-degree inclined orbit. 
Generally, the ground sites can process 3 o r  4 spacecraft links in real time. Each of these 
ground sites are requested to provide at least 6 High Speed Data Channels (2 to 2.4 kilobits/ 
sec) to GSFC. NASCOM must be capable of routing data simultaneously from six sites to 
MCC-H. These channels are  tentatively allocated as follows: 

* 

a. One for High Speed Tracking. 

b. One for A/G voice. 

C. Two for T/M data. 

d. One for T/M data or  A/G voice. 

e.  One of Aeromed Data, Telemetry Data o r  Site Coordination Voice. 

Of the six channels, the number of lines assigned to T/M data are not to exceed three. De- 
pending upon the interpretation of aeyomed data, this implies 7.2 to 9.6 kilobits per second 
of data. The wide band data rate out of GSFC is 2 channels of 40.8 kilobits/second. There 
is also two wide band lines out of KSC to MCC-H. Considering the nature of the experi- 
ments for AAP and general housekeeping requirements, the orbital cluster transmission 
capability, and the effects of other missions such as Apollo, a second cluster, etc., the 
data transmission capacity will be heavily loaded. It becomes obligatory that the IMBLMS 
data management subsystem achieve required results with minimum additional data 
transmission. 

It should be noted that other available sites could be used for IMBLMS missions and that the 
USB Aircraft would have considerable effects in getting additional data to the ground. 
Intelsat could also provide relief to the remote ground transmission capability. However, 
a one-year mission imposes a strong requirement for reduction in total data volume and 
processing. 

AS the AAP "cluster" passes over an MSFN station, all nine carriers will be received and 
recorded. However, at present, only three or  four (single o r  dual USB site) of the carriers 

,. 
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can be used to carry "real time" data for transmission to MCC-H. Thus, 
be made which defines the data which is to be transmitted in real time and 
be recorded at the ground station and transmitted in the post pass mode. 

c 

Segment of Potential Probable 
Total IMBLMS 

Data Rate Data Rate 
Communication Link 

600 KBS 51.2 to 112.5 KBS M 
Orbital Cluster to Ground Site 

a decision must 
that which will 

14.4 to 19.2 KBS 
Single Ground Site + Intelsat 

to MSFC 

It is necessary to also note that the three decoms at newest remote receiving sites are  
programmable. At old sites, there are two patch decoms and one programmable decom. 
This has an impact on the compatibility of the Data Management data format with ground 
decom stripping capability. Generally speaking, programmable variable sampling of meas- 
urements implies the need for a programmable decom. 

2.4 to 4.8 KBS 

Present aeromedical data will be transmitted at  a 2.4 kbs rate via circuit routing to MCC-H 
from each of the ground stations, To augment this limited data transmission capability, 
there are aeromed consoles presently planned to be located at  three primary sites and on 
three ships. 

This implies a base line capability with possible potential for ground display of IMBLMS , 
data at CRO, GWM, -MILA, MCC-H, and the three ships. At MSC there is currently one' 
aeromed console in the mission control room, and two aeromed consoles in the Life Systems 
Support Room. 

It is anticipated that as future missions become more experiment-oriented the display and 
control aspects may be either expanded o r  oriented so as to place greater emphasis on the 
experiments. There is a good potential that much of the housekeeping function will be 
accomplished through on-board checkout with only status reports sent to the ground. 
Typical remote site and MSC inputs to the Aeromed Console are  shown and the console is 
depicted in the upper right quarter of Figure 4-8. 

4.2.2.4 Communication Network Summary 

Figure 4-9 IMBLMS Related Summary Block Diagram of Communication Network indicates 
the communication links, approximate potential data rates, and the possible Aeromed Data 
Rates. In essence the capability is summarized as shown in Table 4-7 

Table 4-7. Communication Network Capability 

I 7 . 2 t o 9 . 6 K B S  1 2.4to3.6KBS I Single Ground Site to MSFC 1 Hard Line 
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Table 4-7. Communication Network Capability (Continued) 

Segment 
Communication Link 

MSFC to MCC-H 

KSC to MCC-H 

Potential 
Total 

Date Rate 

81.6 KBS 

81.6 KBS 

Probable 
IMBLMS 
Data Rate 

As allocated. 
Probably 2.4 to 
3.6 KBS 

As allocated. 
Probably 2.4 to 
3.6 KBS 

A review of the data rates quickly indicates that the ground link data rates are  limiting. 
It may be optimistic but it will be assumed that a 2.4 KBS voice data line from the remote 
site can be assigned to IMBLMS experimental data, thus the restricting data rate will be 
2.4 KBS. 

To overcome this squeeze in data rates, current plans a re  to send medical monitors to 
some of the remote sites. The target is therefore set for datamanagement, dataprocessing 
and design concept to accommodate getting IMBLMS experimental data to MCC-H on-a 2.4 - 

KBS line in near real time, within one to three hours aiter transmission to the ground. It ' 
is also targeted to accomplish getting required data t~ MCC-H in short enough time to pre- 
clude deployment of medical monitors to the remote sites. To accomplish this, sophisti- 
cated data management equipment and data processing concepts, including data compression 
will probably be required. The use of these concepts will require programmed Decoms at 
the ground sites. The availability of Decoms at  the ground sites is indicated on Figure 4-9. 

4.2.3 MEASUREMENTS AND THE DATA LOAD 

This section will briefly discuss the measurements a s  related to the DM subsystem. Table 
4-8 is a preliminary summary of the measurement characteristics necessary for design oi 
the DM subsystem. Additional stimuli and computer processing requirements have been 
identified previously in Tables 4-5 and 4-6 and in Figure 4-5 in the system approach sub- 
section (4.1). 

The data to be sampled has a range of,bandwidths from DC to 400 Hz. There are  devices 
in which higher frequencies a re  of interest, but generally the interest is in the amplitude 
o r  energy content of the constituent frequencies o r  freqGency bands. 

Analysis thus far indicates that a sampling rate of 5:1, using 10 Bit binary words for each 
sample, is sufficient to yield desired accuracy and reproducibility. A number of the analogs 
indicate a bandwidth requirement with an amplitude tolerance of +3 db. This would imply 
range of 0.707 to 1.4 of value reproduction requirement. The D k  subsystem will provide 
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A/D resolution to approximately 0.1% and should have repeatability better than 1% of the 
total range of scale. Evaluation of percent of full scale error  is being evaluated and re- 
sults should be better than the nominal 5% of full scale for FM modulation techniques. 

Because of the variable number of IMBLMS measurement requirements, an anticipated 
DM worst case experiment protocol has been identified so as to determine probable total 
system upper limit data rates and also to determine the transmission load. The experiment 
protocols used for analysis are those described in Figure 3-19, Exercise Tolerance Includ- 
ing Pulmonary Function) in Section 3. The measurements required were identified, sam- 
pling rates established, and data word generation was determined for each of the time 
periods identified in the group of experiments. The detailed results are shown in Table 4-9. 

The significant results of this analysis are as follows: 

Worst Case Word Rate = 6,141 Words per Second 

Worst Case Accumulation of Measurements 
for Simultaneous Sampling = 42 

Worst Case Word Accumulation for 
Measurement Sequence = 1,092,824 Words 

Total Word Accumulation = 3,402,156 Words 

Taking into account that there are 10 bits in each word and that 20% increase is required 
for control functions the following system requirements evolve: 

System Sampling Rate Must Be 2 6; 141 Samples/Sec 

Data Rate For Measurement Data Must Be 2 73..8 KBS 

Without Data Compression, a Probable 
Worst Case IMBLMS Transmission Load Is 
41 Megabits. 

I 

J Figure 4-10 graphically presents the word accumulations (including 20% for control) for 
the time periods of the experiment in the upper graph. The lower graph indicates the time 
required to transmit the data for each period and also the time to transmit the total data 
accumulated as the experiment progress through successive time periods. The trans- 
mission times are indicated for three spacecraft transmission rates, 51.1 KBS, 72 KBS 
and 112.5 KBS. The time to transmit the data from a remote ground site to MSFC via a 
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:omputer 
Function 

Yes 
Yes 

1 

Measure Body 
Mass and Vol. 

Time 15 Mins. 

Time-Elapsed 15 

words/ Duration Total 
(Sec. ) Wotds - S e C .  

2 
2 

1,500 
50 

4,000 
500 

500 
60 

31.6 
, ( ,  

1121 

301 
L 

I 

2 

Collect 
Samples 

Time 10 Mins. 

3 

Attach Electrodes 
And Calibrate 

Time 10 Mins. 

25 

Total 
bvords 

- 
- 

35 

Total 
words 

- 
- 

Time 

Words/ 
SeC. 

- 
- 

Tim - 
words/ 

SeC. __ 

Measurement Notes 

A. BodyMass 
Body Volume 

Computer Count @ Megabit Rate of Osc. 
Period Bag System, Partial He Count 
and Volume Comutation 

20 
20 
20 
20 
_. 

- 

- 
15,000 

500 
40.000 

500 - 

B. Blood 
Urine 
Sweat 
Parotid 

Sampling, Processing and Labeling 
Sampling, Processing and Labeling 
Sampling, Pmcessing and Labeling 
Sampling, Processing and Labeling 

3 @ 100 cps signal 
19 1ocpssignal  
2 @ 400 cps signal 
1 @  1ocpssignal 

1 @ 100 cps signal 
30 Measurements 

Maybe 

- 
1,500 

50 
4,000 

50 - 

L_ 

10 
10 
10 
10 ___ 

C. VKG 
ZKG 
EMG (Musde Potentials) 
Impedance Pneumograph 

D. Dynamometer 
Tape Measure Yes 1 I I  

1 @  70cpssignal 
1@ 10cpsSignal 
1 @ 10 Sec. 
1 @ 10 Sec. 
14 Each @ 10 See. 
1 @ 20 cps signal 

E. Phonocardiogram 
Blood Pressure Cuffs 
Digital Plethysmograph 
Ear Oxjmeter 
Thermistors 
Venous Pressure 

2 Samples/Sec., 10 Sec/Min. 
2 Samples/Sec., 10 Sec/Miu. Incremeuted 

with 0.5 cps 
compute 
2 Samples/See., 10 Sec/Min. Breathing 
2 %mples/Sec.. 10 Sec/Min. Rate 
2 Samples/Sec., 10 Sec/Min. 

F. Breath-Gas Analyzer 
0 2  Partial Pressure 
C02 Partial Pressure 
Gas Flow Rate 
Nz Partial Pressure 
H$ Partial Pressure 
Total P = O@CO2kH20+N, 
Intra Pleural Pressure 

0. Tidal Volume 
Timer 

Integrate Gas Flow Meter Signal - 
ON/OFF 

8. Ergometer RPM. 2 RPS, Band Tension; Compute Work 

1. Experiment Area Ambient 
Ambient 0, 
Ambient C02 
Ambient N2 
Ambient H20 
Wall Temperature 
Air Temperature 

4 Fixed Words 
4 Fixed Words 
4 Fixed Words 
4 Fixed Words 
4 Fixed Words 
4 Fixed Words 

6,100 EL 5,600 

- 
56,000 

56,084 
- 
- 



300 
300 
M) 
300 

Repeat 
Measurements 

Time 20 Blins. 

Time-Elapsed 125 

Words/ Duration Total 
Sec. (Sec.) Words 

Table 4-9. 10-Bit Word Accumulation Analysis 
for Exercise Tolerance Experiments 

(Including Pulmonary Function) . 

Accumulated 
Total 
words- 

2 
2 

8 

Exercise 

Time 20 Mins. 

400 
400 

60 
400 

400 
400 
400 
400 
400 
400 

400 
400 
400 
400 
400 
400 
400 

400 

400 

- 

Tin 

words/ 
Sec. 

- 

- 

- 

600,000 
20,000 

240,000 
20,000 

140,000 

400 
400 

5,600 
40,000 

800 
800 
600 
600 
800 
800 
800 

20,000 

400 

400 

4 
4 
4 
4 
4 
4 

.-.--___ 

1.500 
50 

4.000 
50 - 
- 

350 
50 
1 
1 

14 
100 

2 
2 
2 
2 
2 
2 
2 

- 

- 

1 1 

10 

6,141 

10 - 

- 
6,141 

300 700 300 

300 300 700 

4 12 
4 12 
4 12 
4 12 
4 12 
4 12 

___.___~ _ _  

.Elapsed 

f 

+ 1,092,824 

I 2,522.556 

9 and 10 

4,000 

300 

300 
300 
300 
300 
300 

300 

150,000 
60 

105,000 306,000 
15,000 44,000 

300 1,020 
300 880 

4,200 12,320 
30. ooo 8a, ooo 

Bm 1,760 
600 1,760 
600 1,760 
600 1,760 
600 1,760 
600 1,760 
600 1,760 

I I I 

I I 24 1 679,624 

3,402,156 
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6 
Case #1 - Largest Single Period Accumulation (1.3 X 10 Words) -a 

At Transmission Rates of Time to Transmit 

51.2 KBS 

72 KBS 

4.3 Minutes 

3.0 Minutes 

112.5 KBS 2.0 Minutes 

2.4 KBS 1 Hour 32 Minutes 

6 -  Case #2 - Total Experiment Accumulation (4.08 X 10 Words) 

51.2 KBS 13.3 Minutes 

72. KBS 9.4 Minutes 

112.5 KBS 

2.4 KBS 

6.1 Minutes 

4 Hours 44 Minutes 

EXPERIMENT PERIODS . A  - (284 MINI 
ACCUMULATED TIME 
(2.4 KILOBITS/SEC.) 
TRANS RATE 

. ACCUMULATED TIME 
(51.2 KILOBITS/SEC) 

ACCUMULATED TIME 
(72.0 KILOBITWSEC) 

ACCUMULATED TIME 
(I 12.0 KILOBITSISEC) 

I 2  3 4 5 6 7 8 9 1 1 0  

Figure 4-10. Data Accumulation and Transmission 
Time for Exercise Tolerance Experiments 
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It can be concluded that with nominal transmission times of 7 to 8 minutes (See Figure 4-7), 
getting the data to the ground does not appear to be a major problem at present. The time to 
get the data to MSFC and MCC-H via the 2.4 KBS link becomes fairly extensive, especially 
for the total accumulation. Herein lies the requirement for data compression. Pending anal- 
ysis of the total orbital cluster transmission load, it does not appear that IMBLMS on-board 
data compression, above and beyond that achieved by variable and programmed measure- 
ment sampling, would be mandatory. Data compression at the remote site would also tend to 
salve the problem. However, there are recent economic indications that reduction of data 
generated at the source is warranted, even though some additional hardware is required (or 
computer capability), in view of increasing complexity and size of ground stations and the 
manning required. In addition, more meaningful data is often presented to the experimenter. 
On-board data compression will be considered. 

Provision can be included to perform astronaut viability checks. It is anticipated that these 
measurements will be made via an IMBLMS T/M receiver interface. The personal T/M is 
considered to be GFE or  part of the astronaut's nominal flight instrumentation. In the Com- 
mand Module these viability measurements will probably be monitored as part of the house- 
keeping T/M function performed by the Command Module telemetry system. However, 
IMBLMS can perform this function in other sections of the space station. The viability 
monitoring can be periodically performed on the basis of preprogrammed system timed 
commands to the IMBLMS-DM subsystem. 

These measurements would probably include: 

0 Heart Rate 

0 Respiration Rate 

(r . TEMP 

0 ECG Wave Analysis 

The computer would check the data against norms and signal the on-board personnel and/or 
ground personnel if limits are approached or  exceeded, o r  an abnormal condition is detected. 
A program of this type would be performed 30 seconds of every 5 minutes or  for more suit- 
able durations at time increments that would be defined as the IMBLMS program commences. 

4.2.4 DATA COMPRESSION 

The four basic categories of data compression are parameter extraction, adaptive sampling, 
redundancy reduction and encoding. These are generically illustrated in Figure 4-11. . 

The goal of data compression is to eliminate all parts of the data which are not essential to 
the recognition and/or interpretation (within specified tolerance limits) of the data. A s  the 
state-of-the-art advances in both the data compression field and the biomedical data inter- 
pretation field, more and more information can be obtained with less and less transmission 
from the spacecraft to the ground and from ground to ground locations. The natural limit on 
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compression is reached when biomedical science can account for and predict the responses . 
to all space travel encountered stimuli. Dqta compression can gain the experimenter much 
meaningful data without compromising quality, and while effecting a reduction in the total . 

volume of data. - 

Of the many techniques presented in Figure 4-11 the areas that indicated promise during 
the study were adaptive sampling, which is somewhat inherent in the DM subsystem by 
nature of adaptively programming data acquisition when information is known to be of in- 
terest, and the ltpredictorstt and the tlinterpolatorsll, both of the redundancy reduction 
category, filtering, some coding and finally cycle to cycle compression. The reasons for 
this choice were three fold: 

a. Appropriate to the application 

b. 

c. Commonality of application 

Preservation of wave form where required 

The predictor technique presented in this study is the %era order predictor”. This tech- 
nique predicts that the next saniple(s) will be redundant and fall within a plus o r  minus W! 
tolerance of the last transmitted sample. If a new sample is not in tolerance, it is not re- 
dundant; its values are transmitted; and it then becomes the’last transmitted sample. , 

The interpolator technique works in somewhat a reverse manner. It obtains a new sample 
and looks backwards to see if all the previous samples fall within the plus o r  minus IC% 
limits. If any prior sample is out of tolerance the technique drops back to the sample just 
before the new one and transmits that value. In the case of the zero order interpolator tech- 
nique, the tunnel looked backward through is horizontal. The first order interpolator cal- 
culates a straight line between the new sample and the oldest stored sample. This line is 
the axis of the tunnel through which the technique sees the redundant data points. 
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4.2.4.1 Zero/First Order Interpolator 

The Zero or  First Order Interpolator, Figure 4-1 2, can be either a separate piece of hard- 
ware o r  a software subroutine for the on-board computer. The configuration will allow 
either a zero o r  first order curve f i t  on the data and the adjustment of the tolerance by the 
on board and/or ground based operator. This technique can be used on EKG, EEG, and 
other data generated on board. It is expected that in most cases the data will be reduced 
by an order of magnitude. The memory involved could be self-contained, or  shared with 
the on-board computer, if the interpolator is to be a discrete piece of hardware. If the 
interpolator is to be a software item, it can be designed for use by several simultaneous 
data inputs. The number of different inputs which can be handled is a function of the data 
rate of each input signal and the computer speed, and memory size. 

The output from the interpolator in the case of the EKG could be routed to a pattern recog- 
nization routine which could further compress the data from an EKG by several order of 
magnitude. 

4.2.4.2 Zero Order Predictor 

A zero order predictor can compress EKG data by nearly an order of magnitude. Even the 
simple device will reduce the quantity of data sent to the ground from an EEG o r  EKG with- 
out significant reduction in quality. Figure 4-13 is a flow chart indicating the major steps 
involved with the zero order predictor. 

The data on the output could also be sent to a pattern recognizer as mentioned for the output 
of the zero/first order interpolator. 

4.2.4.3 Application Of Data Compression To ECG and EEG 

Table 4-10 gives a summary of two biomed measurements and applicable data compression 
techniques along with compression ratios and the impact on the IMBLMS hardware. 

Table 4-11 allows observation into the trade-offs involved with three different compression 
techniques. 

4. 2.4.4 Spectral Analysis 

The EEG output can be subjected to a spectral analysis. There a re  basically two methods 
by which this analysis may be accomplished. One, by means of the auto-correlation functior& 
of the data which is a prelude to determining the Fourier transform. This method requires 
an amount of computation which would all but prohibit real time analysis. A second and 
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COMPARATOR 

Figure 4-13. Zero Order Predictor 

. 
L ‘T. M. OUT OFTOLERANCE SAMPLE TM 

BUFFER 

more economical method is to pass the EEG data in parallel through 4-band pass filters 
and one high pass filter. 
wave’component. ) Table 4-12 gives the commonly accepted interpretation of the frequency 
content of an EEG wave. 

(See Figure 4-14 for filter design characteristics for each EEG 

1 

Figure 4-15 gives some spectrogram results. 

t 
HI LIMIT LAST OUT OF 

LO LIMIT 
* 

TOLE RAN CE ’ TOLERANCE SAMPLE 

4.2.4.5 Computer Program For Cycle-to-Cycle Reduction 

To develop a computer program for cycle to cycle reduction of EKG data, the following 
wave form characteristics must be recognized and/or determined (Refer to Figure 4-16 
for .notation. ) 

(LOTS) 
LIMITS GENERATOR - 

a. A starting point o r  cycle identifier 

b. The amplitudes of 

1. The Pwave peak 

2. The QRS peaks 
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3. The T wave peak 
. .  

4. The average wave level (approximately the average PR segment*vaiue).; ” 

c. The time duration of 

1. The P wave 

2. PRsegment 

3. ST segment 

4. QT interval 

5. The T wave 

6. The cycle 

I 

0 6 12 18 24  30 36 

FREQUENCY IN HZ 

Figure 4-14. Design Goal for Bandpass Filters 
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Name of Wave 
3db 

Frequency Limits Cut-Off Limits 

Delta 

Theta 

Alpha 

Beta 

Gamma 

Wave Use 

Table 4-12. EEG Wave Frequency Content Interpretation 

0.35  - 3.75 

3.75 - 7.5  

7.5 - 13.5  

13.5 - 25.5 

Dominant in unconsciousness 

Early stages of sleep 

Present when alert 

Anxiety 

Undefined 

t 

0 . 5  - 3 . 5  

4 -  7 

8 - 13 

14 - 25 

26 + 

A B A  ~r A B A B F  

DROWSINESS FAINTING 

Figure 4-15. Spectrogram Results 
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Figure 4-16. ECG Characteristics of Interest 

4.2.4.6 Effects of Data Compression on Measurement Load 

Table 4-13, "10 Bit Data Word Reduction as a Result of Data Compression" indicates 
possible reductions in the total number of data words accumulated for each measurement 
in the Exercise Tolerance Experiments. (Table 4-9. ) Several methods were used to reduce 
the volume of data and these are indicated in Table 4-13. As an example and with reference 
to VKG, data compression ratios of 30:1, 1000:1, 30:l and 1 O O : l  were used for experiment 
time periods 4, 7, 8 and 9 & 10 respectively. The compression ratios were varied so as 
to accommodate the changing experiment conditions and the anticipated variation in the 
heart action. For several of the measurements, such as those resulting from the breath 
gas analyzer, the data was sampled at a rate sufficient to gather data for computer ani .pis, 
coding and reporting. For example if 55 reports were desired, over the 55 minutes during 
which breath analyses are  made, the computer would file a report to the T/M system 
indicating the following: 

Measurement ID # 2 words 

System Time First Measurement 3 words 

Time Interval Between Measurements 2 words 

Duration of Measurement Period 2 words 

List of Values Determined 55 words 

Total Words 64 words 
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Actually there would be code numbers for common labels such as "System Time First 
Measurement, Time Interval Between Measurements, I' etc. 

Transmission Time 
Without Data With Data 
Compress ion Compress ion 

4.08 x l o 6  Words) (0.23 x lo6 Words) 

13.3 min 0.75 rnin 

9.4 .min 0.54 min 

6.1 rnin 0.34 min 

4 hrs 44 min 16.2 min 

On the ground this data could be reproduced in a printed report or on graphs of the partial 
gas pressures plotted. The same graph could be displayed on board. The use of 100 ten bit 
words to file this type of report is a rounded out estimate but it is sufficient for rough 
estimating the potential compression capability. 

- 

1.31*min 

O.gl*min 

0.30*min 

30.O*min 

For analogs such as  ZKG, EMG, etc., a compression ratio of 12.5 to 1 was used. E the 
biomed analog is somewhat repeatable, and the time variant amplitude somewhat smooth, 
this number should be achievable. Sprectial filtering of the phonocardiogram data might 
yield more useable information and far less data words than indicated in the table. 

This analyses could hardly be considered final or refined but it is an index. Repeating the 
transmission times previously derived and determining the times required with data 
compression as per Table 4-13 results in the following: 

Case 

Case 2 

Total Experiment 

Accumulation 

Transmission 
Rate 

51.2 KBS 
72 KBS 

112.5 KBS 
2.4 KBS 

*The asterisked numbers show the effect of not using cycle to cycle comparisons for EKC, 
but redundancy reduction of 1 O : l .  

. 
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Table 4-13. 10  Bit Data Word Reduction A s  A Result Of Data Compression 

Measurement 

A. BodyMass 
Body Volume 

B. Blood 
Urine 
Sweat 
Parotid 

C. VKG 

ZKG 

EMG (Muscle Potentials) 

Impedance Pneumograph 

D. Dynamometer 

Tape Measure 
~~ ~ 

E. Phonocardiogram 
Blood Pressure Cuffs 

Digital Plethysmograph 
Ear Oximeter 
Thermistors 

Venous Pressure 

F. Breath-Gas Analyzer 
0 2  Partial Pressure 
C02 Partial Pressure 
Gas Flow Rate 
N2 Partial Pressure 
H20 Partial Pressure 
Total P-02+COZ+H20+N2 
Intra Pleural Press. 

Total 
Word 

Accumulatior 

2 
2 

20 
20 
20  
20 

1,785,000 

59,500 

880,000 

59,500 

150,000 

60 
~ 

308,000 
44,000 

1,020 
880 

12,320 

88,000 

1,760 
1,760 
1 ,760  
1,760 
1,760 
1,760 
1,760 

Total 
Words 
After 

C ompres s ion 

2 
2 

20  
20 
20 
20 

80,270 

4,770 

70,300 

4,777 

- 180 

60 

24,600 
100 

100 
100 

1,540 

7,000 

100 
100 
100 
100 
100 
100 
100 

Compress ion 
Technique 

Used 

Keyboard Entry 

Keyboard Entry 
Keyboard Entry 
Keyboard Entry 
Keyboard Entry 

~ 

Interpolator and Cycle 
Comparison 

Interpolator 

Interpolator 

Interpolator 

Compute Work 
Amplitude and Time 
Each 20 Sec. 

Keyboard Entry 

Interpolator 
Compute Blood 
Pressure Reports 

Compute Report 
Compute Report 
Compute Temp. Vs. 
Time Report 

Interpolator 

Compute Report 
Compute Report 
Compute Report 
Compute Report 
Compute Report 
Compute Report 
Compute Report 
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Table 4-13. 10 Bit Data Word Reduction A s  A Result Of Data Compression (Cont) 

Measurement 

G. Tidal Volume 
Timer 

I. Experiment Area Ambients 
Ambient 02 
Ambient C02 
Ambient N2 
Ambient H20 
Wall Temperature 
Ai r  Temperature 

Total 
Words 
After  

Compression 

Total 
Word 

Accumulation 

700 
700 

100 
100 

12 
12 
12 
12 
12 
12 

12 
12 
12 
12 
12 
12 

3,402,2 6 0 
x 1.2 

4,082,120 

194,853 
x1.2 - 

233,824 

Compress ion 
Technique 

Used 

Compute Report 
Compute Report 

Compute Report 

None 
None 
None 
None 
None 
None 

I 
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4.2.5 FUNCTIONAL REQUIREMENTS 

The functional requirements for the DM subsystem were derived by analysis of overall 
IMBLMS experiment management problem. The exercise tolerance regimen shown on 
Table 3-19 is used as a basis for discussion. Thirteen experiments are combined and exe- 
cuted over a lapsed time interval of approximately 2 hours and 25 minutes. A wide gamut 
of data management tasks evolved. These plus others are generically indicated in Figure 
4-17, IMBLMS Data Management Involvement. The first experiment regimen identified in 
the exercise tolerance chart, Table 3-19, is M037, Body Mass Measurement. Functions 
which will involve the data management system can be readily identified. Several are shown 
in Figure 4-18 which illustrates the interplay between the experimenter and the data manage- 
ment system. The functional requirements developed below resulted from analysis of 
this type. 

The on-board DMS will support the IMBLMS mission requirements by providing for the 
implementation of the following basic functions: 

a. 

b. 

C. 

d; 

e. 

f. 

g* 

h. 

i. 

Command and Control 

Data Acquisition 

Data Processing 

Data Display 

Data Recording, Storage, and Retrieval 

Data Transmission 

Stimuli Generation 

Equipment and Subsystem Interface 

Subsystem Modularity, Expandability, and Flexibility. 

In addition to the direct command and control of the IMBLMS experiments, these basic 
functions are  necessary to the associated calibration and checkout of the total IMBLMS 
equipment. 

The functional requirements defined in the following paragraphs are preliminary and further 
evolution, definition, and expansion of these requirements would follow in the continuing 
phase of the IMBLMS program. 

4.2.5.1 Command and Control 

The DMS must enable a system operator to exercise direct o r  supervisory command and 
control over the conduct of all IMBLMS experiments and of all IMBLMS equipment calibra- 
tion and checkout operations in one of the three modes of operation below. 
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BY DATA MANAGEMENT SYSTEM 

MGo 

BY EXPERIMENTERS TIME 
s -  
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a. Automatic Mode - The DMS must perform complete sequence of tests o r  measure- 
ments without interruption. This sequence of operation will be controlled auto- 
matically by a stored test program. Any safety and hazardous condition affecting 
the well-being of the test subject must be displayed immediately to the test moni- 
tor (system operator) by visual and/or aural means. The test sequence will auto- 
matically halt when this condition arises and monitor only those data channels 
which provided indication of the hazardous condition. A manual override must be 
used to restart the test sequence at the discretion of the test monitor, This over- 
ride control will cause the program to restart at the beginning of the test sequence 
during which the initial hazard indication was first detected. 

b. .Semi-Automatic Mode - The DMS must perform as in the automatic mode but will 
stop after each test o r  specified sequence of tests. Operator action is required to 
continue to the next test. Automatic safety and hazard indication must be provided 
as described in the automatic mode. 

c, Manud Mode - The DMS must provide for manual inputs into the system which 
will allow the operator to address o r  command any stored test program, o r  any 
selectable test or  stimuli points. Automatic safety and hazard indication must be 
provided as previously discussed. 

The experiment, calibration, and/or checkout test and monitor sequences may be a result 
of stored programs or by manual entry by a system operator. 

A simple system/operator interface must be provided which allows the operator to exer- 
cise manual control over the IMBLM system either from a central control area o r  remote . 
area, 

The minimum control functions required are to: 

a. 

b. 

c. 

d. 

e. 

f. 

g. 

h. 
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Remove or put the DMS into the operational state. 

Apply and remove power to displays and other indicztors. 

Clear all displays and prior commands. 

Continue checkout after a measurement has been stopped because of an inhibit 
function. 

Enter cornmands and requests for data. 

Advance one test at a time in a sequence of tests. 

Identify a test, test subject, and other relative data which must be stored as part 
of the test data. 

Select data desired to be presented on displays. 
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i. Control discharge of stored data to ground stations. 

j .  Control data storage device operation such as  start, stop, speed, rewind, 
erase, etc. 

k. Provide controls for system and selected experiment test and calibration. 

1. Provide switching from local to remote and vice versa for remote control and 
display operation. 

m. Provide for recall of stored data. 

n. Provide for storage of selected display data. 

4.2.5.2 Data Acquisition 

The DMS must be capable of acquiring data upon programmed o r  manual command from the 
following sources : 

a. IMBLMS experiment sensors. 

b. Applicable spacecraft sensors providing signals such as environment measure- 
ments, timing information, status conditions, etc. 

c. Command and control inputs from spacecraft crew or  from spacecraft/ground 
up-link communication or  tape unit. 

4.2.5.2.1 Sensor Signals 

In the conduct of IMBLMS mission experiments, the DMS must be capable of accepting pre- 
conditioned o r  non-conditioned signals related to any medical o r  behavioral test o r  experi- 
ment in process. The data may be presented to the system as: 

a. Analog signals. 

b. Discrete signals. 

c. Digital words. 

d. R F  signals. 

Since some of the experiment sensors have low-voltage, high source impedance outputs, 
signal conditioning will be provided as close to the signal source as possible. The output of 
these signal conditioners will be normalized 0 to 5 VDC. Other signals which are  not pre-- 
conditioned must be conditioned by the data acquisition portion of DMS. Also, the DMS must 
be capable of accepting manual entries of data which result from analytical type experi- 
ments (blood count, for example) or oral comments transmitted through a communications 
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link. Experiments, such as the ballistocardiogram, require that no physical constraints 
(hardwire link) be attached to the test subject. Data sampled during the conduct of these 
types of experiments will be transmitted to the DMS via an R F  transmitter attached to the 
test subject. The DMS must be capable of interrogating a personal telemetry system. 

Experiments may be conducted in any module of the orbital cluster and may be physically 
remote from the location of the DMS central control. Therefore, the DMS must have the 
capability of accepting data from these remote areas. 

In addition, the DMS must be capable of accepting those pre-conditioned or  non-conditioned 
signals necessary to conduct calibration and checkout operations on the IMBLMS equipment 
and to verify system status with regard to safety and hazards. 

The DMS must provide the capability of digitizing analog signals to a resolution of 10 binary 
bits. Individual discrete signals may be acquired in groups of 10. Other types of signals , 

must be conditioned and acquired in an appropriate manner. 

4 .2 .5 .2 .2  Data Channel Capacity 

Approximately 100 channels of analog data are planned to be sampled during the course of 
orbital biomedical experiments. This number includes some provision for equipment cali- 
bration and checkout data points. Because of planned staggered experiments, not all of 
these data sources will be sampled during any one test sequence. 

The capability must be provided in the DMS to implement data source selection by any se- 
quence o r  combination of data channels. 

Since the requirements of the IMBLMS experiments are still evolutionary, a criteria for 
system flexibility and expandability dictates a provision for greater data channel capability. 
Therefore, the DMS should be capable of sampling at least 256 channels with an ultimate 
expansion capability to 1024 channels. 

4 .2 .5 .2 .3  Data Sampling Rate 

The system must be capable of sampling experiment data at sampling rates which provide 
for adequate reproduction of data waveforms for both on-board and ground data analysis. 
In addition, the sampling rate must be high enough to include interspersed sampling of 
safety and hazard sensors and, as applicable, associated calibration and checkout data 
points. The basic DM subsystem must be able to sample in any given experiment sequence 
at least 512 measurement addresses at a 10 Bit word rate of not less than 10,000 words/ 
sec. This sampling sequence shall be variable and programmable in that total sampling 
capability can be allocated to one measurement channel or any sequence of measurement 
channels, but with allowance that the periods between samples of the same measurement 
address can be equal, unless a program update is introduced. The 512 measurement 
addresses to be sampled in any 1 experiment sequence shall be anyone of 1024 experiment 
addresses . 
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4.2.5.3 Data Processing 

The data processing requirements of the IMBLMS experiments may be serviced by a space- 
craft computer external to the IMBLMS system o r  by a computer dedicated to the IMBLMS 
mission. 

When using an external (to IMBLMS) spacecraft computer, the data processing functions 
of the DMS will become the following: 

a. 

b. 

c. 

d. 

e. 

f.. 

g* 

Extracting desired data samples for on-board display from the stream of IMBLMS 
experiment data. 

Converting these samples, as well as other IMBLMS information, into a form 
compatible with the display devices. 

Converting data into a form compatible with the chosen telemetry format. 

Maintaining priorities in the handling of operational and stimulus commands. 

Converting stimulus commands from codes that may be peculiar to their sources 
into codes applicable to DMS stimulus generators. 

Formatting of data for on-board recording. 

Processing discrete commands to experiment and personal T/M Xh4TR. 

Additionally, an external spacecraft computer or an IMBLMS-dedicated computer will pro- 
vide for the following data processing capability: 

a. 

b. 

C. 

d. 

e. 

f. 

Generating data measurement and stimuli command sequences as necessary to 
conduct IMBLMS equipment checkout. 

Processing experiment data for on-board analysis and display. 

Compression of experiment data to facilitate its on-board recording and trans- 
mission to earth by telemetry. 

Conversion of experiment data and checkout data into biomedical and/or engi- 
neering units to facilitate interpretation by the system operator. 

Testing of unprocessed and processed safety, hazard, and checkout sensor data 
against limits to verify system status and performance. 

Checking command entries for legality before acting upon them, 
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g. 

h. 

Automatic isolation of faults, to a replacement level, in the IMBLMS equipment. 

Sequencing of viability checks based on preprogrammed system time interrupts. 

4.2.5.4 Data Display 

The DMS must provide the capability for human-factored IMBLMS displays giving the fol- 
lowing basic information: 

a. Instructional Displays 

b. Status Indications 

c. Experiment displays of the form: 

1. Alpha-numerics 

2. Analog 

d. Calibration and Checkout Displays. 

e. Hazard and Safety Override Displays 

The capability also must be provided for central area display and/or for remote area dis- 
play monitoring. 

4.2.5.4.1 Instructional Displays 

These displays will provide pre-stored instructional material to the system operator which 
may be addressable either by preprogrammed commands o r  by manual operator request. 
Presented information will be considered as  permanent type o r  static instructions in that 
they will not change once they have been developed and incorporated into the system. 

Instruction material will consist of, but will not be limited to, the following categories: 

a. Experiment Information 

1. IMBLMS equipment location for each experiment 

2. Schematics 

3. Assembly details 

4. Calibration and operational instructions 

I. 4-68 



5. Sample output information expected from experiments such as analog wave- 
forms of heart beat, brain waves, temperature changes, etc. 

6.  Experiment procedure instructions. 

b. DMS System Information 

1. Schematics of DMS 

2.  Descriptive details of DMS 

3. Operational instructions 

4. Calibration procedures 

5. Malfunction test procedures. 

4 . 2 . 5 . 4 . 2  Status Displays 

The DMS must provide system status displays which indicate, but will not be limited to, 
the following: 

a. Test in progress 

b. System and/or component confidence 'status (normal o r  malfunction) 

'c. System operating mode (Automatic, semiautomatic, and manual) 

d. System power 

e. Calibration and test mode 

f. Override control status 

g. Halt status 

h. System and/or component operating status 

i. External timing signal input status 

j. Approach limits o r  exceed limits for Viability Norms. 

4 . 2 . 5 . 4 . 3  Experiment Data Displays 

The DMS must provide for the dynamic, alpha-numeric display of experiment data under 
programmed control. The display will provide at least eight lines of 15 to 20 alpha- 
numeric characters per line, This information will contain the necessary data to identify 
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the experiment o r  test parameter as well as limit values for measurements. Representa- 
tive information might be the following: 

a. Crewman identification 

b. Experiment identification 

c. Measurement identification (e. g. , heart beat, respiration, temperature, etc. ) 

d. Upper limit 

e. Lower limit 

f. units 

g. Magnitude. 

The capability must be provided for the real time analog and/or digital stored-to-analog 
reconstructed data signal display. The displays will be directly related to experiment o r  
test data output and will be capable of displaying eight amplitude-time analog channels 
simultaneously. 
o r  recticle overlays will be used to indicate relative amplitude and time measurements. 
Synchronizing time marks will appear in the display(s) which can be used to correlate 
time-phased information, 

Frequency response will be 0 to 400 Hertz. Integral calibration marks 

4.2.5.4.4 Calibration and Checkout Data Display 

The alpha-numeric display capability provided for experiment data must be capable of 
being used for the presentation of calibration and checkout data under programmed control. 

4.2.5.5 Data Recording Storage and Retrieval 

Data recording capability must exist for both stored programs and collected test and ex- 
periment data. 

4.2.5.5.1 Programmed Data Recording and S t o r a e  

This data will consist of preprogrammed instructions which a re  used for automatic or  
semiautomatic ccrntrol of the DMS. Provisions for recording and storing any instructions 
emanating from ground stations via the telemetry link o r  on-line instructions generated by 
the system operator must be provided. Playback and recall capability must exist for pro- 
gram selection. 

4.2.5.5.2 Test and Experiment Data Recording and Storage 

Automatic recording capability must be provided for data collected during the conduct of 
any experiment o r  test. Data may be presented as a continuous stream o r  incrementally, 
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I 
I depending on test o r  experiment requirements. Storage capability must be provided for the 

maximum amount of experiment data to be ttdumped't during a single transmission period. 
Recording and playback rates must be compatible with data acqxisition and transmission 
rates. Categories of data to be stored include: 

a. Experiment data and other related data required for transmission to ground 
stations. 

b. Selected display data which the test operator desires to record. 

C. Vocal comments by the test subject o r  system operator during the conduct of any 
test o r  experiment and which must be later transmitted to ground stations. 

Data which is transmitted to ground stations must be retained oD-board the spacecraft until 
transmission is verified by the ground stations. Selected displzy data will be used only on- 
board the vehicle and may be destroyed at the discretion of the system operator, Capa- 
bility of recall and display of this data m u d  be provided. 

4.2.5.6 Data Transmission 

The DMS must provide for interfacing with either the spacecraft unified S-band or VHF 
telemetry links and for the assembly and formatting of experilrent data for transmission 
to ground stations over these links. The requirements for processing and storage of data 
by the DMS will be determined by further consideration of gromd/air communication link 
and ground station capacities and of total mission operatioml requirements. 

4.2'. 5 . 7  Stimuli Generation 

The DMS must provide the capability of controlling and generating appropriate stimulus 
signals in order to support biomedical experiments and to support IMBLMS equipment cali- 
bration and checkout. Representative stimulus signal would be the following: 

a. Sine waves 

b. Square waves 

c. DC voltage levels 

d. Discrete signal functions 

e. Time variant amplitude modulation of the above. 
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4.2.5.8 Equipment and Subsystem Interface - 
The DMS must provide for interfacing with the following IMBLMS and vehicle equipment 
and subsystems which are not considered part of the DMS: 

a. 

b. 

C. 

d. 

e. 

f. 

g. 

h. 

i. 

Spacecraft Intercommunication System Uplink 

Spacecraft Intercommunication System Downlink 

Spacecraft Timing Signals 

Experiment Test Subject Hardwire Link 

Experiment Test Subject RF Link 

Non-IMBLMS Dedicated Spacecraft Computer (as applicable) 

Spacecraft Power System 

Spacecraft Intercommunication System 

Other IMBLMS hardware. 

4.2.5.9 System Modularity, Expandability, and Flexibility 

The DMS must be modular, expandable, and flexible to allow for e-upansion and/or recon- 
figuration in order to accommodate changes in experiment data handling requirements as  
the IMBLMS program progresses. Modularity must be provided to permit ready fault 
isolation to a replaceable module and to permit a reasonable amount of in-flight repair by 
replacement of plug-in modules. 

kd 
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4. 2 . 6  DMS Description 

The tentative design approach for the IMBLMS Data Management Subsystem is an outgrowth 
of two development programs currently underway. These are the On-Board Checkout Sys- 
tenis being developed by the Checkout Systems Branch of the Information Systems Division 
at MSC (Engineering unit design subcontracted to Martin Company - Denver) and Digital 
Command and Data Acquisition Systems being developed under the Contractors Independent 
Research Program at GE's Apollo Support Department in Daytona Beach, Florida. 

The On-Board Checkout System development is oriented toward automatic checkout and 
simple format status reporting. Failures are flagged and test subroutines can be executed 
by semiautomatic and manual sequencing. Test results (See Figure 4-19) are displayed by 
go/no-go status lights o r  by digital numeric displays which indicate upper and lower lilliits 
and test values. 
microfilm projection displays, 
Branch OCS development programs as related to IMBLMS are: 

Operating procedures and drawings can be called up on either of kvo of the 
The significant technological aspects of the Checkout System 

a. 

b. 

C. 

d. 

e. 

f. 

g. 

h. 

An Engineering Control and Display Unit and a Digital Interface Unit have been built. 

GE-ASD is under contract to NASA-MSC for the evaluation and development of ad- 
vanced checkout systems. 

The man/machine interface is already under evaluation and will be optimized at  an 
early date. 

Basic computer software programs are already developed. 

Checkout computer software programs currently provided by GE can be extended 
to include on-board programs. 

On-board computer interfacing is already being evaluated by use of a Gemini com- 
puter. (It is not planned to use the Gemini Computer in the final system. ) 

Other on-board computer simulation programs are being conducted by GE-ASD 
with CDC 160 series computers. 

The projected On-Board Checkout System development at MSC matches the IMBLMS 
requirements in the 1970 - 1972 time frame. 

The GE-ASD Digital Command and Data Acquisition System development is  primarily ori- 
ented toward variable programming of data acquisition for telemetry. The system utilizes 
a party-line concept and uniquely executes analog to digital conversions via voltage differ- 
ential for detection of sensor analog outputs. 
sets of 10 discrete events per second can be variably programmed to monitor any 1 o r  se- 
quence combination of channels. The acquisition sequence can be hard-wire-programmed 
for  several sequence variations, o r  it can be real time programmed by ground to spacecraft 

Sampling rates of up to 25,000 analogs, o r  
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Figure 4-20. Aerospace Computer Interface Unit 
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Figure 4-21. Circuit Modules Comprising Logic Elements in the CIV 
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Figure 4-22. Circui t  i l loddcs Coniprisiiig Logic Elements in the C I u  
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In the DMS, the timely distribution of data is of paramount importance because of the num- 
ber of experiments to be controlled, monitored, and recorded, and the restrictions of the 
space ground communication for dumping the data. 

The ability of the DMS to produce the data in usable form requires not only format and con- 
version but, in some cases, the compression of the data to achieve feasible storage and 
transmission time. 

The functional requirements of the DMS are  illustrated in Figure 4-23. This shows that a 
total data management subsystem is implied in that control, computation, and n?,emory are 
included. The key to implementation, however, is the integration of these functions into a 
concept that satisfies the on-board experiment requirements as well as the ground com- 
munication constraints . 
4.2.6.1 Implementation Considerations 

One approach to the use of the DMS is to permit an unrestricted data management resource 
on board the laboratory and essentially ignore any one specific mission requirement. This 
concept could probably provide adequate flexibility and growth, but at an impractical size, 
weight, and cost penalty. 

'r 

A second approach involves tailoring the hardware around each experiment and ignoring the 
developmental aspects of the system. This concept would permit careful design as close 
to a minimum resource as possible, This tecktnique would likely minimize size and weight 
and, i f  careful study is applied, would reduce redundant design and implementation of 
similar devices. 

Another approach attempts to provide a compromise between the highly flexible and re- 
stricted concepts. 
of distributing and processing the data, are improvised by a flexible approach, with 
specially designed hardware for handling unique experiment requirements. This approach 
is discussed further in  the following paragraphs. 

In this approach, the basic elements of a data management system, that 

4.2.6.2 Conceptual Approach 

A functional block diagram of a candidate DMS is shown in Figure 4-24. This system il- 
lustrates a centralized data flow that permits data generated by an experiment, astronaut, 
o r  from the ground to be coverted, compressed, stored, displayed, etc. at a destination 
controlled by the central control unit. The control function along with the computation 
capability must be designed with a flexible approach to handle the gamut of planned and 
potential experiments. 
revised sampling rates o r  a need for display format changes, flexibility is available in the 
central control function to perform the desired functions. In addition, data collection o r  
stimulus generation functions can be added as required. 

Thus, when revised experiments o r  laboratory requirements dictate 
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The central control function is not to be construed in a physical sense, but only in a data 
management sense. A s  such, distributed control can be utilized throughout the laboratory 
as dictated by weight requirements, but proper communication would be maintained between 
the control areas to preserve the concept. 

4.,2.6.3 Implementation Approach 

Implementation of the centralized data flow concept could utilize a shared memory for data 
storage. Since data stored in the shared memory has access to a data processor, manipula- 
tion of selected data can be achieved, Thus, data can be deposited in the shared memory, 
processed as required, and distributed to the required destination in a timely and usable 
form. 

Special hardware devices required by experiment packages a re  connected to the shared 
memory as required, with provision for handling the revised data management requirements 
by additional memory capacity and control program modification, 

Each of the data management system functions will be discussed in terms of the proposed 
implementation of Figure 4-24, 

Communication functions are  handled in the DMS by reading data into o r  out of the shared 
memory at a rate compatible with the terminal device, Thus, during communication with 
the ground, data will be received and transmitted at a rate compatible with the ground-air 
link by dumping o r  storing the data in the shared?memory at the proper rate. 

A similar technique is used for collecting experiment data. Iiere, an acquisition measure- 
ments list is stored in the shared memory and dictates the sequence of measurement points 
and the desired sampling rate, Reading the sequence from the shared memory, the data 
acquisition portion of the system will acquire the experiment measurements and deposit 
the results into the shared memory. 

Computation is handled by the DMS by transferring data stored in the shared memory to the 
data processor which uses a series of instructions stored in the shared memory to reformat, 
compress, etc., the data and then restore the processed data into the shared memory, 

Preprogrammed o r  manual instructions establish the control function, These are  imple- 
mented in the DMS by modular devices capable of performing elementary data conversion. 
Conversion functions include parallel-to-serial conversion as well as data transfer select 
and control functions. 

The record function in the DMS includes both digital and analog capability, 
collection cycles, data recording will be initiated and a block of data stored in the shared 
memory will be recorded, This technique permits storing data at one rate and recording 
data at a rate compatible with the recording device. 
by reading blocks of data into the shared memory as requested by the DMS. In this case, 
the data could be transmitted to the ground at a rate different from both the collection and 
recorded rate, with shared memory control providing the speed ratio conversion. 

During data 

Playback of data will be accommodated 
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A l l  experiment and status data available for display is stored in the shared memory. Data 
can be addressed manually o r  automatically for transfer to any display device, Instructional 
data is fixed and need be only accessible to the display. Independent memory devices other 
than the shared memory, such as microfilm, may be used for the instructional data. 

A timing source will be used to provide a time reference to the DMS for executing control b 
sequences, as well as indicating ground acquisition periods and experiment turn ON/OFF 
control. 

4.2.6.4 Representative DMS System Organization 

The conceptual DMS consists of the following components: 1 
a. Data Processing Unit. i 
b. Digital Interface Control Unit (DICU) (including the shared memory), 

c. Data Acquisition Unit (DAU) o r  Units. 

d. Recording/Playback Unit (RPU) o r  units;. 

e. 

f. 

Control and Display Unit (CADU). 

Stimulus Generation Unit (SGU) o r  Units. 

These components are interconnected as shown in Figure 4-25 to form a Data Management 
Subsystem. A flexible modular approach has been taken to allow the subsystem to be con- 
figured to the requirements of each specific mission. The data acquisition portion of the 
DMS can be physically distributed and modular plug-in signal conditioners permit tailoring 
the system to a specific parameter list. 
will handle up to 128 data points. The system is expandable to 1024 data points (16 DAUs). 

The DAUs provide the principal interface between the DMS and the experiment data sensors. 
EAch DAU will receive, signal condition as required, multiplex, and digitize up to 64 
measurement points under control of a measurement list in the shared memory, 

The SGU's can he programmed with control words from the DICU to provide various analog 
test signals. 
DAU signal conditioners, multiplexer inputs, and selected experiment sensors. 

Tradeoff studies should be performed to decide if it may be more desirable to use instru- 
mentation tape recorders and different operating schemes for data playback, However, the 
mode of operation presently described seems to have flexibility without an undue amount of 
hardware and should be given every consideration. 

I 
I 
I 
I 
1 
I 
I 

The basic subsystem includes two DAUs whfch 

I 

These test signals can be connected to one of 32 points for verification of 

/' 
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A personal telemetry receiver is included as part of the data acquisition portion of the DMS. 
The receiver accepts radiated energy from a personal telemetry transmitter and separates 
it into eight channels of information for input to a DAU multiplexer. 

The Control and Display Unit (CADU) will interface with the DICU. Manually generated 
central information consisting of coded messages and interrupts will be routed to the DICU. 
A l l  display data will be formatted by the DICU and routed to the display. Remote control 
and display capability can be provided by physically relocating the CADU to the remote area 
with a hardwire connection to the DICU. Serial data transmission will reduce cabling re- 
quirements. 

Recorders are provided for the storage of programs, experiment data, and voice comments. 

A data processing unit will also interface with the DICU., Since the DICU contains a shared 
memory, part of which stores a program dictating the data processing activities,. a general- 
purpose digital computer application is possible. 
provide the basic data processing function, while providing memory function. Further study 
is required to define the computer characteristics, since flexibility for handling a wide range 
of experiment requirements, of major concern in this data management function, must be 
adequately considered. 

. 

The general-purpose computer would 

The DICU also provides control for data routing, parity generation and checking, and timing 
control for the following interface: 

a. Data requests (address) to the DAUs. 

b. Data and verification from the DAUs. 

c. Command interrupts and control words from the manual display panel. 

d. Display data to the analog and digital displays. 

e. Data and commands to/from a Spacecraft computer. 

f. 

g. 

Data to/from the digital tape recorders. 

Playback data from the digital tape recorder to the spacecraft-ground communica- 
tion link. 

_ -  ' - 

4.2.6.5 Representative DMS Equipment Implementation 

A more detailed description of equipment elements to implement on IMBLMS DMS follow. 
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4.2.6.5.1 Computers 

The DMS can operate with either an on board general purposes computer o r  an integrated 
IMBLMS computer. 
in flexible data formatting, data analysis and data compression. GE is  not currently aware 
of the identification of a specific general purpose computer for the orbital cluster on the 
A A P  program. 
plication to IMBLMS is presented here. 
introduces the requirement for special purpose components and circuits which may ulti- 
mately offset the cost of a computer and still not provide equivalent capability. Extensive 
tradeoffs in this area will be made in the Phase C IMBLMS program. 

The DMS can also function without a computer, but with some penalty 

Therefore a somewhat comprehensive discussion of computers and the ap- 
It should be noted that elimination of the computer 

The airborne computer designs of the past few years have yielded many machines of very 
sophisticated designs. 
computers that utilize random access memories. 8 

favorably with those of their larger ground-based counterparts. The weight and power re- 
quirements are gene rally quite low when their capabilities and environmental requirements 
are  considered. Table 4-14 contains a tabulation of the salient features of some of the more 
significant present-day airborne machines. 

These devices are usually general-purpose, parallel organized 
Instruction execution times compare 

a. C6mpUter Equipment Description. A summary of the computer characteristics 
that must be considered in the IMBLMS Data Management System follows: 

' 1. 

2. 

3. 
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Instruction Repertoire - The instruction repertoire is typically 50 basic in- 
structions that can be classified as follows: 

Arithmetic 10 
Transfers 8 

Input/Output 6 
Logical 6 
Shift 6 
Misc. 4 

Jump, Branch 10 

Number System - Generally, the number system is fixed point, binary (sign 
plus magnitude). 
primarily to eliminate the "end around carry" on arithmetic operations. 
number system is adequate, 

Negative numbers are  represented in two's complement, 
This 

Word Format - It is in this area that a large number of variations are found. 
The dual word format for both instructions and data offers some advantage. 
Dual word is here defined as a half word utilization. 
work of 24 bits that can be utilized as either two instructions o r  two data words 
would be a dual word format. 

For example, a full 
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(a) Data Word - Half word arithemtic operands require less memory storage. 
Hardware savings a re  realized with only slight increases in execution 
times. 

@) Instruction Words - Half word instruction work format yields the same 
advantages as those stated for Data Words. 

(c) Full/Half Word - This structure is the most efficient. A machine organized 
in this fashion allows efficient memory storage utilization with the added 
advantage of being able to extend the Instruction Word when necessary for 
greater addressing capability. 
that will sometimes be required. 

Full word data allows the greater precision 

4. Execution Times - Typical executions for parallel machines are  as follows: 

Add 2 to 12 microseconds 

Md tiply 9 to 90 microseconds 

Divide 12 to 163 microseconds 

The execution times for DMS would have to be in the lower ranges to accom- 
plish the stimuli generation, fast sampling rates, and transmissions that are  
required. 

5. Input/@tput - Precise requirements for the processor input/output section 
are  not defined, The following preliminary requirements may, however, be 
considered typical: 

(a) One 24 to 28 bit input channel 

(b) One 7 bit input channel 

(c) One 24 to 28 bit output channel 

(d) One 7 bit output channel 

(e )  Block transfer capability 

(f) Internal and external I/O control 

(g) Multiple priority interrupts 

(h) Multiple discrete inputs and outputs 
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6. Memory - The machines listed in Table 4-14 utilize magnetic memory that is 
considered state-of-the-art. A low power, monolithic memory of 8192 words, 
expandable to 16,384 words, should be considered. Bulk storage would be 
accomplished via the magnetic tape unit. A monolithic memory offers ad- 
vantages in weight, size, speed, and reliability. No discrete circuits, high 
current switches, low level sense amplifiers, and high voltage power supplies 
would be required. These components are  the prime factors in the low MTBF's 
of current airborne processors. Should core o r  plated wire  memories be de- 
veloped that do not require discrete, high current drive, they would deserve 
consideration, since such memories offer non-violatile storage, 

b, Computer Construction - The mechanical design should be a lightweight structure 
that utilizes cold plate cooling, No cooling air should be required, 

c. Computer Reliability - Most computers that were developed during the period-of 
1958 to 1964 were serially organized machines that utilized discrete component 
circuitry and rotating memory devices. The construction of the electronics varied 
from two-sided printed circuit boards to welded cordwood modules. Computers 
typical of this group (Group A - Figure 4-26) are the Autonetics Verdan I and the 
Honeywell Mark I. 
due largely to the slow execution rates and minimum input/output capacity. 

The performance of this type of machine was very restrictive, 

The Group B machines are representative of present-day technology. 
utilized are  monolithic integrated circuits. 
integrated circuitry was distorted by increasing capacity, flexibility and, therefore, com- 
plexity of this group of machines. These machines are general-purpose, parallel units . 
with instruction repertoire, and execution rates that approach those of ground-based 
processors. A few of the later members of this group utilize a limited number of large- 
scale integration (LSI) arrays. The rotating memory devices were still utilized in early 
models of this group. The later computers: Honeywell ALERT, Nortronics 1060, Litton 
304, IBM 4 Pi, and Univac 1800 Series, all use non-rotating memories. Discrete compo- 
nents are still widely used in the memory of the computer with some effort to apply inte- 
grated circuits in the low-power areas, The memory area is the prime contributor to the 
computer system MTBF. 
processor MTBF was 12,000 hours and the memory unit MTBF was 3000 hours, 

The logic elements 
The impact of size reduction of monolithic 

In one system that was analyzed (stress at 25OC) the central 

The Group C machine MTBF prediction is based largely on an examination of the impact of 
LSI and batch process memory systems. 
should improve the MTBF by at least a factor of three. 
the reliability of the chip itself and the reduction in mechanical connections that will be re- 
quired between logic elements. 
fewer mechanical connections, have better high temperature characteristics, and require 
lower current drive. The latter factor will allow wider utilization of monolithic integrated 
circuits, thin-film hybrid circuits, and LSI arrays. A completely monolithic memory would 
allow the elimination of the thin-film hybrid circuits and greater reduced temperature limita- 
tions due to core characteristics, thus eliminating temperature-compensated power supplies. 
These factors, all combined, should allow construction of airborne computers with conserva- 
tive MTBF figures of 12,000 to 14,000 hours for new designs in thepost-1967 era. 

LSI in the logic areas of the central processor 
Two factors are considered here: 

The batch process memories (plated wire being one) require 
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Figure 4-26. Projected Computer Reliability Improvement 
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4.2.6.5.2 Digital Interface and Control Unit (DICU) 

The Digital Interface and Control Unit provides the necessary logic and controls to inte- 
grate the Data Management Subsystem into a functionally operating system. It must inter- 
face with and transmit/receive data and control signals to/from the DAU, CADU, RPU, DMS 
computer, spacecraft computer, and the spacecraft communication systems. It also con- 
tains the logic necessary for limited raw data accessibility using a fixed format sequence 
for data acquisition in case of computer failure. Figure 4-27' shows an implementation of 
this fype of system concept. 

a. DAU Interface - The DAU Interface logic accepts computer formatted address and 
command data from the DMS computer in parallel, converts it to serial, and trans- 
mits this information to the DMS Data Acquisition Units. Serial data from the 
DAU's are accepted and transformed into parallel data for transmission to the 
DMS computer, Under norma3 operating conditions computer-generated type of 
information is the only DICU communication with the DAU's. However, in case 
of computer failure limited operation is possible via the man-machine interface, 
The limited operation is envisioned as a fixed scan of data points with operator 
selection of one parameter at a time for quick-look capability only. However, 
there are some alternates such as tape unit control, etc., which can be investi- 
gated during the detail design phase. 

j As alternatives, special-purpose hardware could be considered to replace the 
computer and the DICU. However, with requirements now envisioned, higher 
cost, power, size, and weight, along with reduced capability would probably 
result. 

b. Control and Display Interface - This interface primarily consists of an interim 
format change from serial-to-parallel and parallel-to-serial in order to interface 
the DMS computer with the display and control devices which is the channelthrough 
which the operator controls selection of data for display, programs the experi- 
ments, and in genera3 exercises complete control of the DMS. The operator's 
job is greatly simplified when it is considered that he need only call up a program 
subroutine, prepared pre-flight, or uplink modified to achieve measurement, re- 
cording, and display that would otherwise consume considerable time. 

c. Recorder Interface - Interface logic between the RPU and the computer primarily 
consists of character storage and drivers/receivers for interfacing the RPU with 
the DMS computer. Data formatting, parity generation, and reformatting on 
playback are accomplished by the DMS computer. 

Tradeoff studies should weigh the advantages of computer controlled tape units 
with respect to savings in cost, weight, power, and size compared to the increase 
should special-purpose logic for formatting, playback, and reformatting of data 
for transmission be required. 

& .  
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d. Communications Link Interface - Data are received from the spacecraft communi- 
cations subsystem in serial fashion and is converted to parallel by the c o m u n i -  
cation link interface logic. After conversion to parallel, the received data is 
routed to the DMS computer for program interpretation and action, if required, is 
initiated by the DMS computer. The types of received data expected are program 

. data, instructional data for crew, and requests for specific medical data or exper- 
iments. Since data could have an effect on present programming, it is presumed 
that error  detection and correction techniques will be employed to protect the in- 
tegrity of the incoming data. It is further assumed that the e r ro r  detection/cor- 
rection will take place before the data are received by the DMS. 

Experiment data are to be transmitted to ground stations via the spacecraft telem- 
etry links. This is accomplished by playing data back into the DMS computer, 
record at a time, from the bulk storage data tape. The DMS computer formats 
the unprocessed data into a PCM telemetry format and outputs to the Communica- 
tions Link Interface Logic, The data are then transferred serially to the space- 
craft communication subsystem for transmission to ground equipment. The com- 
munication link interface logic is preprogrammed by the DMS computer for the 
bit rate required for the telemetry links. In this fashion, it is possible to meet 
any reasonable transmission data rate and telemetry format without hardware re- 
design of the DMS. 

Tradeoff studies should be performed to decide if it may be more desirable to use 
instrumentation tape recorders and different! operating schemes for data playback. 
However, the mode of operation presently described seems to have flexibility 
without an undue amount of hardware and should be given every consideration. 

e. Spacecraft Computer Interface - Logic in the DICU allows the spacecraft computer 
to communicate, either serially o r  parallel, with DMS computer. It also has the 
capability to replace the DMS computer and allow the spacecraft computer to con- 
trol the DMS. This type of operation would allow operation of the DMS in case of 
DMS computer failure and could, i f  proper interface is made in other spacecraft 
systems, perform certain functions for other systems in case of spacecraft com- 
puter failure. Normally, provision for this interface would allow a spacecraft 
computer to serve in a supervisory role if deemed necessary. Although some 
extra hardware is required for this extensive interface, other considerations such 
as reliability and equipment backup should make it well worth while. Further- 
more, i f  the space and weight factors were limiting and i f  there is available 
capacity in the spacecraft computer to support IMBLMS, the IMBLMS computer 
could be omitted. 

Tradeoff studies should be made to determine the extent to which an interface of 
this type should be implemented and results of the studies incorporated in the sys- 
tem and thence the equipment design. 
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4.2.6.5.3 Data Acquisition Unit (DAU) 

The Data Acquisition Unit (DAU) provides the function of acquisition and transmittal of digi- 
tized data to the DICU on demand from the DICU. Performance of these functions require 
signal conditioning, multiplexing, A/D conversion, and address and control logic. Figure 
4-28 represents one way of combining the previously mentioned items into a functioning 
DAU. A brief functional description of the DAU is given in the following paragraphs. 

Command data and clock are received at the DAU in the remote terminal logic. The ad- 
dress  portion of the command word is routed to the address command and routing control 
logic. The address is decoded and sent to the 64-channel multiplexer in order to select 
the desired signal conditioned data point. This selected signal is switched through the 
multiplexer to the A/D converter. The A/D converter converts the analog signa3 to a 10- 
bit digital word and routes the converted data to the remote terminal logic where message 
protection is added and the data transmitted to the DICU. 

It should be noted that the equipment arrangement within the DAU is only one system flow 
concept. Further tradeoff studies, additional functions, and exact hardware implementa- 
tion will be considered during later phases of the IMBLMS program. One such tradeoff 
study that should be performed would be the time sharing of signal conditioners. Time 
sharing of signal conditioners becomes attractive if a large number of signals to be con- 
verted are within reasonable amplitude and frequency ranges of one another and crosstalk, 
feedthrough, and isolation problems do not become prohibitive. Reliability, equipment 
complexity, and computer loading are  still other factors that would enter into the tradeoff 
studies for different equipment configurations other than the one described herein. 

a. Signal Conditioning - Signal conditioning within the DAU can take many forms, de- 
pending on the system selected for hardware implementation and the range of 
signal parameters and the measurements to be accomplished. Complexity of the 
signal conditioning will vary with isolation, accuracy, programmability, and 
repeatability requirements. At the present time, the following input signals, 
which must be signal conditioned have been defined: 

1. Low level signals: 
- 

Voltage Range 

Frequency Range 

2. High Level Signals: 

Voltage 

Frequency 

0 to 50 mv 

0 to 500 Hz 

0 to n volts (n is to be defined) 

0 to 400 Hz 
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3. Frequency Multiplex: t 
Type 
Voltage 

FM 8 channels 

Variable (from transmitter) dynamic 
range - 10 mv to 5 volts 

Frequency To be determined 

I 

Item 3 specifies a requirement to accept a multiplexed FM signal from a personal 
transmitter associated with the test subject. Since the output of this device (FM 
receiver - 8 channel) must be converted to digital signals, it  is considered as part 
of the signal conditioning and is packaged within the DAU. Figure 4-29 depicts 
the required items for the receiver. A small antenna receives the multiplexed 
FM signal, it  is amplified and fed to bandpass filters and thence to discrimina;tors. 
The outputs of the discriminators are thence signal conditioned and sent to the 
multiplexer and are ready for conversion to digital data when selected by the com- 
puter via the DICU and DAU logic. A tradeoff study should be performed to con- 
sider time sharing the discriminators and bandpass filters by computer program- 
ming of the required receiver parameters. Should such a concept prove practical, 
a savings in power, weight, and size should result. Consideration will also be 
given to DMS controlled personal TM which includes multiplexing and A/D con- 
version within the miniature T/M device. Table 4-15 indicates general character- 
istics of several personal T/M concepts. 

I 
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Figure 4-29. Frequency Multiplexer Signal Conditioner (FM Receiver) 
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As requirements and signal interfaces with the DAU become further defined, addi- 
tional types of signal conditioning will be required. These may include AC signals, 
DC discretes, AC discretes, frequency, and resistance type of measurements. 

b. Multiplexing - The multiplexer consists of all solid-state devices addressed from 
the DAU address control logic. Tradeoff studies may show that large scale inte- 
grated circuits with addressing logic as well as the switches on one chip may be 
more practical. Decisions of this type will also depend on system tradeoff studies 
involving time shared signal conditioners since switching of unconditioned signals 
might require relay switching; o r  divide down and amplification before switching 
in order to protect the MOS-FET devices. 

The multiplexer consists of 64 MOS-FET switches. Switching can be single or  
double ended and requires addressing from the DAU address control logic to 
switch any one of 64 data points to the A/D converter. 

c. Analog-to-Digital Conversion - The proposed DAU indicates a single shared A/D 
converter for 64 data points. Other configuration, such as a converter per test 
point, offer increased reliability and may become feasible with the use of Large 
Scale Integration. The choice of conversion techniques is effected by system 
sampling rate requirements. 

One conversion technique which fits the proposed configuration is a successive 
approximation converter. An implementation of this technique, shown in Figure 
4-30, could operate up to 25,000 smples/second. The converter consists of a 
sample and hold circuit, resistor ladder, comparator, digital switches, reference 
power supplies, and the necessary digital logic to control its operation. Receipt 
of a start conversion signal allows a sample of the voltage applied via the multi- 
plexer to be held in capacitor storage. The controls then open the digital switches 
successively from most significant to least significant bit in that order. As each 
digital switch is opened, a comparison is made and the result is a zero o r  one in 
the bit of the digital word which corresponds to the digital switch which is open at; 
that time. The sequence continues until the conversion is complete, and the re- 
sulting digital word presented to the computer via the DAU common logic and 
the DICU. 

d. Addressing and Control - The DAU receives addressing and command data from 
the DICU, decodes, and routes the incoming information to the measurement 
address and control logic. All data returning to the DICU is routed through the 
addressing and control logic. The logic would be designed using a low power 
integrated circuit line and packaged within the DAU. 
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I 4,2.6.5.4 Stimulus Generation Unit (SGU) 

The SGU is programmed from the DMS computer via the DICU and the address control 
logic of the SGU to generate frequencies and analog voltages of sine, triangular, square, 
and DC voltage type waveforms. It may also be used to generate non-cyclic type wave- 
forms, but would require more computer participation. Figure 4-31 depicts the stimuli 
generator and switching functions. The command data is routed to the stimuli control 
logic. These data are then decoded or  transferred to the time base register, D/A holding 
register, clock selection, gain control circuitry, function selection, and switch point se- 
lection logic. The result of programming all of these points within the stimuli generator 
is an analog signal, discrete, o r  voltage level being generated and applied to the selected 
switch point completely determined by the computer program. 

For example, the computer loads data to determine frequency of the square wave which is 
processed into an amplitude stabilized square wave, triangular, and sine wave. These ' 

are used as the reference to the D/A converter whose output amplitude is determined by a 
computer word. 

This output is then routed to a variable gain voltage amplifier and a voltage-to-current 
circuit, A voltage o r  current output is selected by computer addressing and routed to a 
switching matrix. The switching matrix, which consists of latching relays or solid-state 
switches, as necessary, is addressable from the computer and either switches the stimuli 
output to the measurement signal conditioning for self-test o r  to the experiments where 
signals are  needed. I - _ _ _  I 

4.2.6.5.5 Recorder and Playback Units (RPU) 

Tape recording and playback capability will be provided in the DMS to haridle computer pro- 
gram storage, to record experiment and IMBLMS checkout data, and to record voiced com- 
ments of an experiment investigator. 

Digital and instrumentation tape recorders are  being considered for these functions. A 
parallel-digital tape is generally required to handle computer-to-core transfers. However, 
instrumentation tape recorders available as 14-track units have been used for both serial- 
data and voice recording. These can be used for recording ground transmission data to 
avoid the use of separate recorders for experiment data and astronaut comments (where 
one track is allocated to voice). Where the possibility exists for the transfer of recorded 
tapes back to the ground, digital tape recording in computer-compatible formats would be 
desired. Table 4-16 gives a summary of some digital tape recorders which might be 
considered, 

Further resolution of data recording and storage requirements for the IMBLMS mission 
must be accomplished to define a specific implementation of recorders, It is noteworthy 
that Saunders Associates has a flight packaged computer compatible recorder with a tape 
cossette that can be exchanged in approximately 10 seconds. 
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4.2.6.5.6 Control and Display Unit (CADU) 

The Control and Display Unit (CADU) will provide the operator with controls and displays 
to effectively manage the operation of the Data Management Subsystem. 

a. 

b.' 

Controls - The required system controls may be integrated into a single physical 
unit with the system displays. In the conceptual system, the controls will be 
simplified to provide ease of operation and will be consistent with accepted human 
factors considerations. 

The operator will be provided with keyboard call-up and entry capability that will 
allow the generation of new tests, test, and monitor sequences and their storage 
in the computer repertoire. Also experiment observations can be entered into 
store for transmittal to ground with the measurement data or  held for later review. 
All keyboard entries will be displayed for operator verification prior to enabling. 
Exact details of the control panel have not been fully developed but will evolve in 
the Phase C effort as  system requirements are  more definitive. 

Displays - Three types of highly flexible displays that will present measurement 
and monitoring services common to many experiments are  envisoned as being re- 
quired to perform the man-machine interface requirements of the IMBLMS study. 
These three types of displays are  alpha-numeric (A/N), analog, and slide o r  
micro- film. \ 

.-. - ,--- 

The alpha-numeric display will provide the operator with experiment measurement 
and system checkout data in decimal numbers and engineering units. Suitable func- 
tion and page identification will also be provided. The analog display will be an 
amplitude-time display that will provide wave-shape display for operator analysis. 
The slide or  film display will provide the operator with valuable reference data 
ranging from operating procedures to malfunction diagnostics. 2 -  

Display data falls into two functional categories, experimental data and instructional 
data. The experiment data display function will require only a small portion of the 
total available control and display time but will be given priority control. 

During the normal data management function, the system will periodically be sub- 
jected to a self-test. During this self-test, any malfunctioning channel will be 
detected and the location and address of the channel will be presented on the A/N 
display. Diagnostic procedures for all predictable malfunctions a re  available as  
part of the micro-film store. With the self-test and micro-film viewer under com- 
puter control, the stored diagnostic procedure corresponding to the detected mal- 
function will be positioned for operator viewing simultaneously with the identifica- 
tion of the malfunction on the A/N display. It should not be difficult to include the 
micro-film frame number or numbers with the A/N display to permit manual call- 
up if  desired. The DMS will be subjected to a self-test just prior to and just after 
an experiment to validate the experiment measurement data. 
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Mobtoring of critical parameters will be continued during all phases of operation. 
The detection of a system malfunction, safety' or  hazard affecting the test in pro- 
gress, or test subject will result in an interruption of the test to cause the mal- 
function location and address to be presented on the A/N display as previously 
described. However, the operator will be provided with an override capability 
to return the system to test use. 

c. Experiment Data Display - Several tentative approaches have been considered to 
provide display capability to enable the system operator to view and analyze ex- 
periment data. These approaches have ranged from the exotic to the Impractical. 
In between these two extremes the utilization of multi-channel analog recorders, 
segmented read-out display modules, gas discharge matrix displays ,- cathode ray 
tubes, etc., have been considered. Table 4-17 indicates characteristics of some 
display devices. The cathode ray tube has considerable flexibility and minimum 
logistic requirements. It will be used here to illustrate one approach to the dis- 
play problem. Other display concepts are being evaluated and trade off studies 
will be performed in Phase C. 

In the following approach, a basic assumption has been made that the operator 
would be best served by having both alpha-numeric and analog display of the ex- 
periment parameters. The simultaneous viewing of these two displays should 
maximize the operator's ability to analyze the experiment parameters. 

A tentative display panel layout for an experiment data display is shown in Figure 
4-32. From this figure it can be seen that two cathode ray tubes are  proposed. 
One will display the analog characteristics of the experiment parameters, and the 
second will display the pertinent alpha-numeric data of the parameter. In this case 
both displays utilize 5-inch square, flat-face, cathode ray tubes, The alpha- 
numeric display contains 8 lines with 20 characters per line. This capability 
should permit as much information as  would be required for any single experi- 
ment parameter. However, this capability can be expanded. A comparison 
capability has been provided as a second display on the amplitude-time display 
by using sweep time-sharing o r  a two-gun cathode ray tube, The operation of the 
experiment data display may be as follows: index frames containing the measure- 
ments being made appear on the alpha-numeric display when the index control is 
depressed. The index of the measurements could be contained in the film dis- 
play - further study will be required. If more than one frame o r  page of index is 
required, successive actuations of an index control will step through each page 
and back through page 1. The operator selects the measurement he desires and 
enters its associated three digit code. Actuation of an associated display control 
causes this measurement parameter to be displayed on the upper trace of the 
amplitude- time control and simultaneously causes the alpha-numeric data infor- 
mation for this measurement parameter to be displayed on the A/N Display. To 
enter a control o r  previous or new experiment parameter, the operator enters the 
three-digit code for this parameter. Actuation of its associated display control 
causes the control o r  previous parameter to be displayed on the lower trace of the 
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027 EKG 
ASTRO B 
EXP 34 
UP LIM 98 
LO LIM 65 

. .  . UNITS PPS 
MAGNITUDE 72 
FRAME 516 

DISPLAY SELECT 
DMS CONTROLS 

I I 

Figure 4-32. Tentative Display Panel Layout 

amplitude-time display. Position control .u permits the operator to move the s a o n d  
display over the first display for more accurate comparison. The operator has 
been provided with an erase capability should he decide that the data information 
is unchanged o r  of no velue. The erase control when actuated causes this data 
information to be dumped from memory. 

The normal input to the amplitude-time display is the output of a D/A converter; 
the sensor data having been digitized further upstream. Further study is required 
to determine the effect digitizing might have on the experiment parameter. It may 
be possible to provide conditioned analog inputs directly to the amplitude-time 
display through a selector switch. 

Although the approach has been described in some detail, it is not intended as 
final. Other approaches, such as those shown in Table 4-17, will be considered 
and evaluated. 
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If additional experiment measurements a re  required for simultaneous viewing, a 
display format for the A/N Display could be as follows: 

1 2 3 4 

027 116 011 003 Code 

Astro B B A A  

Experiment EKG EKG PR ZC 

Upper Limit 98 85 97 100 

Units PPS PPS PPS PSI 

Magnitude 72 68 73 71 

Frame 516 203 131 011 

This would, of course, require a greater computer load and either an abbreviation 
of the functions description or more characters perline. Also to match the analog 
display to the A/N would require a display of 8 minimum of four functions. Four 
of the €metions would be the ~ a m e  as lshswn on the A/N dirsplay, and the functions 
would have to be selected by some means at the discretion of the operator. 

d. Instructional Data Display - Categories of information usually contained in opera- 
tional instructions, calibration procedures, trouble-shooting order, etc. , as well 
as experiment procedure instructions and conversion charts will be stored on 
microfilm o r  microfilm chips. The microfilm will be contained on reels or  cards 
and will have each frame addressable manually o r  by computer, thus permitting 
ready access to these types of data. It is expected that malfunctions will be diag- 
nosed by the computer, and the film display positioned by computer control to the 
f r b e  containing the computer diagnosis and recommended corrective action, 

The use of the film display could also contain the index to the experiment meas- 
urements and thereby relieve the computer of having to store this information in 
memory and provide refresh output to the A/N display. 

h fact, almost all non-real time information could be stored on microfilm and be 
made available for operator use either through manual or computer control. 

e. Remote Control and Display - In the present concept, a remote control and dis- 
play capability can be provided by physically relocating the CADU with hardwire 
connection to the DICU. Duplicate control and display capability of the same or  
lesser degree can be implemented by parallel CADU interfaces at the DICU. 
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4.2.6.6 Representative DMS Physical Parameters * 

Table 4-18 gives representative weight, power, and volume for the major units of an 
IMBLMS DMS. The following comments support entries to this table: 

a. The DAU provides for signal conditioning, digitizing, multiplexing, and stimulus 
generation. Provision for 512 data channels would utilize eight of these units in 8 
system, and modular implementation would allow tradeoffs in the stimuli generation 
capability included per DAU for the system. 

b. The Computer entry assumes typical aerospace computer parameters for the use 
of an IMBLMS dedicated computer. 

c. The CADU assumes the use of two five-inch CRT's for A/N and analog data pre- 
sentation combined with a DMS control panel. Remote CADU's of reduced capa- 
bility would provide lower weight, volume, and power requirements. 

d. The Digital Recorder provides a part of the recording and playback function and 
represents a typical aerospace seven-channel digital tape recorder. Extension to 
14 channel has good potential. The voice recorder represents a typical aerospace 
unit for recording astronaut comments. 

e. The parameters specified for a microfilm projection display are  somewhat variable 
as governed by final requirements for viewing area and brightness. 

Table 4-18. Representative DMS Physical Parameters 

Data Acquisition Unit (DCAU) 1" 10 10 600 

Stimulus Generation Unit (SGU) 1* 8 9 400 

1 40 10 340 Digital Interface Control Unit  (DICU) 

Computer 1 200 50 1500 

Control and Display Unit (CADU) 1* 150 25 3400 

Digital Recorder 1* 50 16 5 50 

* 50 Voice Recorder 

Microfilm Projection Display 

*DMS may consist of more than one of these units. 

1 5 2 

1" 150 25 2000 
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4.2.7 SUMMARY 

The vehicle's on-board Data Management Subsystem (DMS) is an integral part of IMBLMS 
and provides the means for managing the biomedical data generated during the mission. The 
subsystem will be used for controlling, monitoring, filtering, and organizing IMBLMS data 
into coherent and useful data packages for on-board use and for ground station use. In addi- 
tion, the subsystem will provide for calibration and checkout of experiment equipment and 
for self-test. 

The DMS, as part of IMBLMS, will be operated in various portions of the space vehicle such 
as the Command and Service Module (CSM), the S-NB Orbital Workshop (OWS), the Multiple 
Docking Adapter (MDA), and the Lunar Module (LM) . 
The DMS is designed for packaging within the IMBLMS volume and will be inactive until the 
AAP vehicles have achieved orbital station and have been assembled into the orbital cluster. 

After assembly of the cluster, the DMS, as a part of the IMBLMS, is physically transported 
and deployed into two areas - a central control area and a remote experimental area. These 
areas may be located in different vehicles; the interconnecting link being made by cable. 

After deployment, the DMS will be capable of managing the functions of the IMBLMS. This 
will consist of providing the crew with the equipment and techniques which will enable the 
experimenter to set up and verify biomedical experiments; to collect experiment data; to 
process the  acquired data for on-board recording, display, and analysis; and to transmit 
the data or  processed data to ground stations through spacecraft/ground communication links. 

The more significant aspects of IMBLMS data management study are as follows: 

The subsystem can provide for both experiment management and viability 
monitoring and analysis. 

Data will be analog to digital converted as close to the measurement source 
as is practicable. This will allow for multi-purpose processing, consistent 
reproducibility and high accuracy. 

The data acquisition will be variably programmed to suit the requirements 
of the experiment. 

The data management subsystem capabilities for direct production of useable 
and meaningful data are significantly enhanced by use of an on-board computer. 

The on-board computer can be either the space station general purpose digital 
computer or  a computer integral to IMBLMS. 

More limited and less flexible experiment management can be performed 
without a computer. 
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Transmission 
Link 

S/C to Ground 

Remote Site 
to GSFC 

Software revision as contrasted to hardware revision will allow for greater 
IMBLMS flexibility. 

Transmission Time 
Transmission Without With Extensive 

Rate Data Compression Data Compression 

51.2 KBS 13.3 rnin 0.75 rnin 
72.0 KBS 9.4 min 0.54 miu 
112.5 KBS 6.1 min 0.34 min 

2.4 KBS 4 hrs  44 min 16.2 min 

- 

L 

A probable worst case accumulation of experiment measurements to be sampled 
simultaneously will not exceed 50. 

On basis of experiment measurement analysis performed thus far, using ratios 
of sampling rate to measurement bandwidth of 5:1, the worst case 10-Bit data 
word sampling rate ,won't exceed 10,000 words/sec o r  100 kilobits/second. 

A probable worst case data accumulation for combination of experiments 
performed during approximately a 2-1/4 hour experiment sequence will be 
about 4.1 X l o6  ten bit data words or 41 megabits. 

I_ 

The probable kilobit per second S/C to ground data transmission rates are 
51.2 KBS, 72 KBS or 112.5 KBS. \ 

The limiting data transmission rate for getting data from a ground site to 
MCC-H will probably be 2..4 kilobits/sec. 

Based on anticipated worst case experiment measurement load, the trans- 
mission times can range as follows: 

Several areas have been identified where additional study and tradeoffs are required before 
a f i rm approach to the DMS can be established. These study areas are as follows: 

a. Computer storage and processing requirements. 

b. Availability of existing S/C data processing capabilities. 

c. Airborne computer evaluation. 

d. State-of-the-art and advanced display techniques. 
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e. Direct DMS control and monitoring of experiment biomed and behavioral 
experiment equipment (audiometer, etc.) . 

f ,  Data compression. 

g. Data compression rates, formats, and synchronization methods. 

h, Data acquisition system configuration (shared signal conditioning, etc.). 

i. Personal telemetry receiver requirement and design tradeoffs. 

j, Application of LSI to hardware requirements. 

k. Application of existing signal conditioners. 

1. Integration of calibration requirements of instrumentation sensors with DMS 
stimuli capability. 

m. Simultaneous analog display requirements. 

n. Experiment data storage requirements. 

0. Data acquisition rate requirement. 
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4.3 MODULAR DESIGN AND PACKAGING APPROACH 

4.3.1 GENERAL 

4.3.1.1 'Introduction 

The IMBLMS packaging, modularization, and vehicle installation task is concerned with the 
establishment of a uniform approach to the medical and behavioral laboratory measurement 
equipment design and installation considerations. The objective is a flexible system capable 
of being utilized in many measurement combinations and on various carr ier  vehicles to pro- 
vide a multi-measurement-multi-vehicle capability. The uniform approach to  measurement 
equipment physical design permits the grouping of experiment measurement hardware in 
various Ifbuilding block1* arrangements, thus providing a multi-purpose measurement capa- 
bility. The consistency of hardware design philosophy with respect to modularization, 
equipment interchangeability, assembly compatibility and commonality is the key element to 
IMBLMS flexibility. 

The design approach to modular packaging of the IMBLMS is based upon consideration of the 
existing spacecraft constraints, their flight schedules, and the potential availability of the 
IMBLMS equipments to meet these schedules. The guidelines for this design emphasize the 
modular approach to provide maximum flexibility for  use on the three basic vehicles and for 
ease of modification for different flights. This is accomplished by designing to facilitate 
interchangeability of modules in the assembly, interchangeability of use of common compo- 
nents for different measurements, and by provision of basic modular elements for essential 
services such as display and control, data management, -electrical power, and mounting and 
interconnection racks. 

4.3.1.2 Carrier Vehicles and Schedules 

The carrier vehicles presently scheduled €or IMBLMS usagq are the refurbished command 
module (RCM), a Lunar Module (LM) derivative, and the Orbital Cluster (MDA and Orbital 
Workshop). These vehicles impose a variety of operational limitations both physical and 
environmental. The physical limitations of volume, shape and weight, and power vary 
significantly among the three proposed carriers.  Figure 4-33 shows the three vehicles in 
their presently used Apollo configurations. The earliest usage, probably in 1970, would be 
in the Orbital Workshop shown on the left. The IMBLMS equipment would be installed inside 
the liquid hydrogen tank in the Saturn S-IVB Spent Stage Orbital Workshop, after the space- 
craft is in orbit. If the Orbital Workshop is already in orbit, the IMBLMS equipment would 
have to be launched with the resupply CSM and transferred into the Orbital Workshop. The 
command service module and lunar module are shown on the right in their lunar mission 
configuration. For AAP, for which IMBLMS is a prime candidate, the refurbished command 
module and various LM derivatives are contemplated. These vehicles will be discussed and 
evaluated for IMBLMS use later in this report. The third category of carr ier  vehicles is 
the Orbital Cluster. Figure 4-34 defines the cluster program as currently understood by 
General Electric. 
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Figure 4-34 shows the current configuration for the  four flights on the Orbital Workshop 
Cluster for the Apollo Applications Program (AAP). The first Orbital Workshop flight is 
tentatively planned for a 28-day mission in 1969. The men will be launched in a CSM on 
AAP Flight 1 and will rendezvous and dock with the Orbital Workshop (AAP 2). At the end 
of this mission, the  Orbital Workshop will be deactivated and left in orbit. Approximately 
6 months later, in 1970, the AAP 3 flight will launch a CSM with 3 men and supplies to re- 
activate the Orbital Workshop for a 56-day mission. This flight would possibly include the 
IMBLMS equipment. The ATM (Apollo Telescope Mount) would be the AAP 4 flight in 1970, 
and it would be used in conjunction with the Orbital Workshop. 

4.3.1.3 Installation Constraints 

The desire to have IMBLMS equipment capable of being used economically on all three vehicles 
will impose an installation problem, due to the system and subsystem differences of the three 
categories of carr ier  vehicles. In recognition of this, IMBLMS equipment will be designed 
to be self-contained as far as practical and interface with these vehicles in the most ele- 
mentary 

i 

0 

0 

0 

e 

e 

4.3.1.4 

manner. Vehicle installation interfaces are as follows: 

Structural Support 

Electrical Power 

Services (as required) 

- Vacuum 

- HZO 

- Etc. 

Data 

Astronaut 

Unique Experiment and GFE Input Devices 

Miss  ion Operat ion Character is tics 

The ICMBLMS equipment will be packaged so that various measurement capabilities can be 
obtained by selectively grouping modular-type equipment. This will permit IMBLMS equip- 
ment to be used with various combinations of unique experiment and GFE devices to satisfy 
a varying number of mission requirements. For example, once a "minimum capability" 
IMBLMS System has been identified, it can be escalated to satisfy special measurement and 
carr ier  requirements for specific missions. This capability will be discussed in later 
sect ions. 
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4.3.1.5 Development Schedules 

DESIGN AND 
DEVELOPMENT 

TO meet the projected IMBLMS flight schedule, it is helpful to examine the normal lead times 
for equipment deliveries necessary in such a flight program. Figure 4-35 shows typical lead 
times required for a flight program and indicates the lead time and quantities required for 
various types of equipment needed to meet such a schedule. In addition, there are other 
earlier equipment needs which are required to satisfy the experimenters and the development 
and test program requirements prior to final design of flight hardware. Figure 4-35 illus- 
trates the need for completion of qualification hardware testing in early 1969 to meet a mid- 
1970 launch date. The IMBLM system design implementation must meet such a schedule. 
However, if our understanding of requirements is correct, PDR on the IMBLMS cannot be 
reached until mid-1968. An early version of IMBLMS could be available in late 1969, an 
updated version in 1970 and full IMBLMS in 1971. 

V 

QUALIFICATION HARD- 
WARE FABRICATION 

MOCKUP HARDWARE (ONE UNIT REQUIRED) 

QUALIFICATION HARDWARE (ONE UNIT RE- 
QUIRED) 

FLIGHT AND BACKUP HARDWARE 
(ONE UNIT REQUIRED) 

TRAINING HARDWARE PHREE UNITS REQUIRED) 

A 

1 I 

TRAINING HARDWARE 
FABRICATION 

I CREW TRAINING I 
SYSTEMS TEST AND I LAUNCH OPERATION 

UNIT V 0 0 A 
DELIVERIES 0 A 0 

33 30 27 24 21 18 15 12 9 6 3 0 

MONTHS BEFORE LAUNCH 

Figure 4-35. Typical Lead Times Required 
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4.3.2 PACKAGING AND MODULARIZATION 

4.3.2.1 IMBLMS Modularization 
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Modularization for IMBLMS as envisioned by General Electric can be defined as a philosophy 
of standardization. Standardization must include not only the measurement equipment pack- 
aging techniques but also the measurement equipment used and vehicle installation phtlosophy. 

4.3.2.1.1 Standardization of Measurement Equipment Design Philosophy 

To enable interchangeability and alternate grouping of equipments, a uniform approach to 
packaging must be followed. One aspect of this uniformity is the establishment of geometric 
shape continuity. This will be required so that all modular elements will be physically com- 
patible, All modules, modular elements, and components will obviously not be the same 
size and shape, but they will, however, be designed to be used together. Early in Phase C, 
a design approach will be established that will dictate the following: 

Uniform module mounting, housing and structural element design 

0 Uniform electronic signal and power connection design 

Uniform approach to data management equipment integration with 
measurement equipment 

Uniform approach to thermal and environment control 

0 Uniform approach to pneumatic and hydraulic control and distribution 

4.3.2.1.2 Standardization of Measurement Equipment Use  and Vehicle Installation Philosophy - 

To provide flexibility for multiple measurement and multiple vehicle use, a standard approach 
to vehicle installation is required. It will be necessary to install various groupings of equip- 
ment in the three different vehicles. This will require the identification of the Installation 
Support Equipment for each vehicle necessary to accommodate the measurement hardware. 
The Installation Support Equipment category will include all equipment such as mounting 
brackets, vehicle cabling provisions, special modular interconnections, structural support 
housings, etc., required to provide an operational capability depending on the number of 
measurements flown. The Installation Support Equipment for a minimum installation could 
consist of mounting "adapter kits" and inter-module harnesses. For a total IMBLMS meas- 
urement capability, the installation support equipment could consist of three modular segment 
structures, electronics interfaces, an active thermal control system, and all ancillary equip- 
ment necessary to provide a complete measurement system. 

The key aspect then, of this standardization task is the ability to  install the standardized 
module and modular elements efficiently in the alternate vehicles. 
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More detailed descriptions of General Electric's approach to the '%@stem Installation" and 
"liostallation Support Equipment" will be discussed in later sections. 

4 . 3.2.2 Functional Groupings 

4.3.2.2.1 Modular Identification 

Figure 4-36 shows General Electric's interpretation of the modularization concept. On the 
left side are depicted the individual modules or  modular elements. As  currently defined 
there are three categories: 

a. 

b. 

C. 

Measurement Modular Elements - The measurement modular elements are such 
items as signal conditioners, sensor leads, microphone, or  any identifiable 
hardware element that is required to perform a measurement function. This 
category includes all special items required for a specific measurement capa- 
bility. 

Multi-purpose Modules - A second category of equipments consists of items 
identified as multi-purpose modules. This lot would include such items as 
data management equipment, power conditioning equipment, displays and 
controls, etc. These modules will be capable of operationally accommodating 
many different measurement requirements. In addition, these multi-purpose 
modules may consist of one o r  more modular items that conform to the precepts 
of modular standardization discussed in paragraph 4.3.2.1.1. 

Special Purpose, Multi-use Support Modules - This grouping would consist of 
special purpose items that would be required to support many different meas- 
urements. They would include such items as a refrigerator, centrifuge, 
freezer, etc., which are single purpose in nature and operation but each of 
which support a whole host of measurement activities. These modules would 
also be standardized along the guidelines discussed in paragraph 4.3.2.1.1. 

4.3.2.2.2 Functional Modular Groupings 

To utilize the modular items defined in paragraph 4.3.2.2.1 in a useful manner it is neces- 
sary to organize the measurement equipments into functional modular groupings (FMG). An 
example of a FMG would be the phoniocardiagram measurement grouping. This grouping 
would consist of all equipments necessary to perform the phoniocardiagram measurement. 
This consists of: 

a. Microphone 

b. Signal Conditioning 

c. Power Conditioning EQuipment 

d. Data Management Equipment 
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For each identifiable measurement a functional modular grouping of necessary equipments 
must be defined, and when completed and analyzed, a minimum capability can be established. 

As functional modular groupings are identified, modular duplication can be identified and 
eliminated. Further discussions of measurement equipment groupings can be found in both 
the system and data management sections of this report. 

4.3.2.2.3 System Installation 

The right side of Figure 4-36 shows the next step in the modular identification and utilization 
process, that of system installation. A s  previously discussed, the system installation task 
concerns itself with the activities and support equipment required to. install the measurement 
system, whether it be partial o r  total, in a carrier vehicle. As presently conceived, the 
modular items, whether they be modular elements, multi-purpose, or special purpose 
modules, will be so designed so that they can be used in varying combinations from the most 
fundamental grouping up to the complete sophisticated system. To satisfy the requirements 
for installations more complex than the elementary-use groupings, the concept of modular 
segments is proposed. This basic concept consists of a general geometric shape, such as a 
rectangular segment, that is physically compatible with all three vehicles and that will pro- 
vide the functional modular groupings with a structural enclosure, a controllable environment, 
and that can be installed with h rqinimum number of easily controlled vehicle interfaces. 

A concept such as the modular segment can permit the first level of modular installations to 
be accomplished within the segment structural housing so that such items as module elec- 
tronic interconnections and other operational intra-modular interfaces can be accomplished 
in a pre-determined manner. 

Depending on the application, one, two, three or  even four modular segments could be 
employed to provide the total IMBLMS capability. This concept is discussed at greater 
length in successive sections. 

4.3.2.3 Modular Commonality, Flexibility and Transportability 

Another key element of the General Electric's IMBLMS modular approach is that of modular 
interchangeability. With a consistent philosophy of equipment design, it will be possible to 
alter, within reason, the modular composition of a modular segment to permit different 
measurement requirement emphasis to be placed on different missions. 

This overall physical and functional commonality of equipments will provide a system that 
will have the optimum degree of flexibility within the realistic limitations of cost, schedule 
and utilization of existing developed medical and behavioral equipments with a minimum of 
repackaging. It is recognized that General Electric will probably not be wholly compliant 
with the requirements of RFP, Paragraph B2, Article II, which indicates that 14 medical 
equipment items should be used for the Phase C design. Certain latitude is being taken with 
respect to the equipments selected and their required modifications for IMBLMS use (Refer 
to measurements in Section 3). 
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With a concept such as General Electric is proposing, in-flight intra-vehicular transfer of 
IMBLMS equipment both at the module and modular-segment level is possible. The modular 
segment concept with its approximate dimensions of 20 X 20 X 30 inches is compatible with 
the experiment packaging approaches currently contemplated for the OWS Flights AAP 1 
and 2. For the cluster configuration certain experiment packages are launch-mounted in an 
non-operational mode in the Multiple Docking Adapter (MDA) and then physically transported 
to the OWS set up in the Spent S-IVB LH2 Tank. 

As previously stated the contents of the modular segment will encompass the first level of 
installation packaging and as such, vehicle interfaces o r  the second level of installation will 
be simplified and minimized. 

4.3.2.4 IMBLMS Modularization Concept, Advantages and Disadvantages 

It is necessary to describe and discuss some of the advantages and disadvantages to get the 
proper prospective of modularization. Some of the more obvious advantages are as  follows: 

0 Flexibility of desired measurement groupings 

0 Multiple vehicle usage 

Simplicity of installation and operational flexibility 

e Establishes design approach for future undefined measurements 

Minimum involvement with the carrier vehicle's operational 
specifications and documentation 

Some of the potential disadvantages that must be considered are as follows: 

Potentially more costly 

- Repackaging 
-. Requalifying 

e Must be used (partially o r  totally) on many missions to ttamortizelt 
initial design costs 

Assembly flexibility implies: 

AWeight Increment 
AVolume Increment 

It should be recognized that if IMBLMS equipment can be identified for use on numerous 
missions over a sufficiently long time span, then the first two disadvantages can be off-set 
by the  "cost-effectivitytt of the advantages. 
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With respect to the third disadvantage it is apparent that flexibility of modular use will impose 
a volume and weight penalty. With, however, a *tstandardizedlT approach to modular use this 
can be minimized. Additionally, with the advent of the OWS and Cluster Vehicle Concepts 
space and weight constraints appear to become more negotiable. 

4.3.. 3 IDENTIFICATION OF MODULES 

4.3.3.1 General 

For purposes of identification and to facilitate the discussion of packaging, the modules for 
IMBLMS have been defined in a generic fashion. Referring back to Figure 4-36 there are 
three general categories of modules: 

0 Modular Elements 

0 Multi-Purpose Modules 

0 Special Purpose Multi-Use Modules 

From a generic equipment standpoint the IMBLM3 System can be viewed as follows: 

a. Measurement Oriented 

1. Body-Mounted Type Sensors and Associated Loads - This category includes all 
measurement input devices; from the packaging standpoint, this equipment 
poses primarily a stowage problem, but they have been identified separately dge 
to the nature of their input interface characteristics. 

2. Special Purpose Medical-Monitoring Type Equipment Modules - This would in- 
clude specialized components such as breath analyzer, etc. 

3. Special Purpose Behavioral-Monitoring Type Equipment Modules. 

b. "Black Box Oriented" 

Electronic "Black Box" Type Equipment Modules - This category would include 
power conditioning, signal conditioning, calibration, etc., type equipments. 

e. Data Management Oriented 

1. Data Management Equipment such as recorders, data acquisition units, etc. 
(This category is also obviously electronic black box oriented. ) 

2. Displays and Controls Equipment - These are closely tied in with the.data 
management equipment - Display panels and supporting electronics. 



d. "Servicesff Oriented 

Hydraulic and Pneumatic Service Supply and Conditioning and Monitoring Equipment. 

e. Support Oriented 

Support Equipment as required to perform all the medical and behavioral measure- 
ments - Primarily equipment that is loosely stored in stowage areas. 

For the measurement, monitoring, and analysis of biological. specimens the following items 
can be identified: 

a. Collection and Handling Equipment 

b. Analytical Equipment 

c. Preservation Equipment 

d. Specimen Storage Equipment 

4.3.3.2 Inter-Modular Relationships 

4.3.3.2,l Operational 

The packaging task is perhaps best described as the abiIity to efficiently assemble and utilize 
the modules previously defined. For the generic modules this problem of optimum modular 
arrangement is straightforward and will be considered in the crew/system design. However, 
the question of the modular inter-relationships for the biological specimen module types 
have been identified as a special area requiring special attention. A s  the sample collection 
regimen is established in Phase C, Jtudies will be conducted to define optimum design 
approach. (Ref: Section 6, Final Report, Contract No. NASw1562, A Study of the Collection 
and Preservation of Biological Specimens during Space Flight for Post-Flight Analysis. ) 
Considerations required to provide an orbital "Biochem Lab, I t  such as sample container 
handling and storage procedures, reagent use, accessibility to storage containers, adequate 
laboratory "Table Top" area, provisions for logging, etc. , will be assessed to establish 
optimum packaging densities. 

4.3.3.2.2 Functional 

The functional relationships of the different generic modular groupings are defined as the 
physical aspects of module integration. Packaging integration considerations are shown for 
each grouping in Table 4-19. 
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Table 4-19. Packaging Integration Considerations 

0 Environmental Control 

0 Structural Support 

0 Mechanical Interconnections 

0 Power Interconnections 

e Electronic Interconnections 

8 Data Management Equipment Accommodation 

0 Display and Control Accommodation 

0 Unique and GFE Equipment Interface 

The concept of two levels of modular installation is again pointed out to emphasize the above 
list. For minimal IMBLMS use, the modular integration and assembly task becomes one of 
integrating the modular items into the vehicle directly, utilizing all available space as effic- 
iently as possible. For more complex IMBLMS arrangements, the integration and installation 
will be conducted at two levels, the first being that of integrating the modular elements within 
the modular segments, and the second that of integrating the modular segments into the 
vehicles. The second level will be primarily physical installation, input-service coupling 
and measurement system activation. 

4.3.4 PACKAGING DESIGN CRITERIA 

4.3.4.1 General 

The packaging design criteria that General Electric is considering, so that ease of modular 
assembly and use can be provided, are shown in Table 4-20. 

To insure that all modules will be compatible from both an installation and operational view- 
point it will be necessary to establish formal Design Guidelines for all IMBLMS equipment 
design to insure a uniform standardized approach. These design guidelines will basically 
embody the elements of Tables 4-19 and 4-20. Table 4-21 shows typical types of information 
that will be contained in the Design Guidelines. 

Of the 10 items defined in Table 4-21, items 4, 9 and 10 will be elaborated on at greater depth 
in the following sections. The electronic and power interconnections areas will undoubtedly 
pose some of the more difficult design problems. A discussion of the system design approach 
for this can be found in paragraph 4.3.4.3. The design criteria for crew accessibility, 
operability and maintainability considers the madmachine relationships and will be discussed 
in paragraph 4.3.4.4. The activity associated with defining, maintaining, and controlling the 
physical interfaces between modules, modular segments, and the vehicle is discussed in 
paragraph 4.3.4.5. 
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4.3.4.2 GE-Vendor Design Relationships 

The Design Guidelines when established in fina form will be the key design document for 
vendor use. With this information vendor packaging and design of their equipment can pro- 
ceed along uniform lines. In addition, all vendors will be subjected to a consistent scheme 
for packaging. 

Table 4-20. Packaging Design Criteria 

Flexibility for installation in different modular arrangements 
and spacecraft 

Transportability through LM, CSM, MDA and S-IVB Hatches 

Commonality of mounting provisions 

Commonality of interfaces and connectors used 

Accessibility for operation, repair, and maintenance 

Ease of deployment and interconnections 

Human engineering to aid crew performance 

Table 4-21, System Modular Packaging Design Guidelines 

1.0 Physical and Dimensional Continuity 

a Module Housing Interconnection Compatibility 

0 Volume and Shape, Space Allocation - -  
0 

0 Ease of Fastening 

Alternate Modular Grouping Mounting Provisions (within modular segment 

0 . Self-Alignment Type Installation for Electronic Pin Connections 

Module and Modular Segment Structural Support Considerations 

0 Frame and Component Approach 

2.0 

3.0 Operational Environments 

0 Natural 

0 Induced 

4.0 Electronic Interconnection Design Compatibility 

0 

EM1 Compatibility 

Low Volume, Multi-Purpose , Pin-Wireboard Connections 

Harness Interchangeability for Partial Installations 
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Table 4-21. System Modular Packaging Design Guidelines (Cont) 

5.0 

6.0 

7.0 

8.0 

9.0 

!O. 0 

Power Supply Compatibility 

Conditioned Power Branch Distribution 

Environmental Control System 

0 

0 Passive Thermal Coatings 

Input Device Interface Compatibility 

0 

Data Management, Displays and Control - Measurement Module Compatibility 
Guidelines 

Accessibility, Operability, Maintainability 

Modular Segment and Vehicle Installation Interfaces 

Active Cold Plates, Circulators, etc. 

Input Adapter Modules to accommodate various input devices 

* 0 Structural 

8 Power 

0 Signal 

0 Hydraulic 

0 Pneumatic 

0 Etc. 

4.3.4.3 Electronic/Electrical Interconnection Compatibility 
. .  

4.3.4.3.1 General 

The following levels of interfac-es and interconnections exist in the IMBLM system (See 
Figure 4-31). 

0 Level A - Electrical interconnections between the IMBLMS and the carrier vehicle - 
the system interface 

0 Level B - Electrical interconnections between IMBMLS modular segments - 
subsystem/system interfaces 

0 Level C - Intra-modular connections within each segment between modular elements - 
system/subsystem interfaces. 

y 
L, Connections to remote devices - subsystem interfaces 

0 Level D - Inter-modular connections within each module/modular element - 
subsystem interfaces 
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4.3.4.3.2 Level A 

These electrical connections to the carrier vehicle include the primary electrical power 
interface as well as all control, monitoring and reference sensing interfaces to the on-board 
data and command systems. The interfaces must be compatible with the carrier vehicle. 

4.3.4.3.3 Level B 

These consist of IMBLMS "housekeeping" functions, i. e. , power and control, with provisions 
for routed signals where required. Interfaces are  to be compatible on a segment level. 

Additionally, connections from the modular segment to any physically remote device, such 
as a sensor, include power, control and signal interfaces. These connections represent the 
man interface with respect to actual measurements made on the man. 

4.3.4.3.4 Level C 

Connections between modular elements within the modular segment includes all "housekeeping, 
power distribution, control and signal distribution interfaces. These must be compatible 
between individual control, management, and measurement modules which represent individ- 
ual subsystems. 

4.3.4.3.5 Level D 

Inter-modular connections inside each module o r  subsystem include all power distribution, 
signal and control routing between functional circuit groupings (such as the standard electronic 
assemblies) and between circuits assemblies and other major subassemblies which comprise 
the modular element, i.e., power converter, display and control panel, etc. No requirement 
may be necessary at this level for system interface compatibility. 

System interfaces may exist where the major function of the module is to handle and inter- 
connect interfaces between subsystems. 

4.3.4.4 Crew Accessibility and Operability - Human Factors Considerations 

4.3.4.4.1 General 

For a system such as IMBLMS where the astronaut interface is of significant importance it 
is necessary to insure that the man-machine relationships have been thoroughly evaluated 
with respect to displays and controls operability. 

4.3.4.4.2 Crew/IMBLM System Evaluation 

During Phase C ,  studies must be conducted to determine the optimum relationships of 
IMBLMS displays and controls design. Since the system concept is committed to a modular 
packaging approach, the displays and controls will also, by definition, have to conform to the 
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interchangeability and alternate grouping philosophy previously discussed. For the various 
vehicle operational configurations considered, it will be necessary to identify, integrate and 
document the different applicable generic-type module display and control requirements. 

4.3.4.4.3 Display and Control Design Criteria 

The more important display and control design considerations that must be evaluated during 
Phase C include the following: 

a. Display and control operational requirements complementing the equipment functional 
characteristics 

Satisfactory ope rational environment 

1 ., Illumination 

2. Crew restraint 

3. Limb movement 

4. 

b . 

Viewing capability and limitations, etc. 

c. Display design criteria 

1. Symbolic 

2. Pictorial 

3. Presence on other displays 

4. Compatibility with controls 

5. Warning devices 

6. Indicators 

7. Display identification, etc. 

d, Control design criteria 

1. 

2. Operating characteristics 

3. Accidental activation prevention 

4. Control grouping, etc. 

Physical characteristics, shape, color, size, etc. 
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4.3.4.4.4 Mockups 

A key activity that must be pursued during the preliminary design phase will be that of 
mockup development. Mockups will be required to establish 

0 Feasibility of modular installation concepts 

0 Modular assembly feasibility 

0 Accessibility and interconnection characteristics 

0 Display ' h d  control preferred relationships 

0 Alternative modular arrangements 

4.3.4.5 Installation Interface Considerations 

Table 4-22 lists specific interface data required €or each module o r  modular assembly to 
physically integrate it into the IMBLMS equipment assemblies. It is divided into sections as 
foIlows: 

I. Mechanical Interfaces 

11. Thermal Characteristics and Interfaces 

IIZ. Electrical Interfaces 

IV. Data Management, Instrumentation and Telemetry 

V. Environments Constraints 

VI. Test Constraints 

VII. Equipment Definition and Mission Utilization 

VIII. Material, Functional, and Operational Constraints 

E. Crew Systems Considerations 
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Table 4-22. Installation Interface Data Required 

'he following information is required for each module o r  modular assembly in order to 
ihysically incorporate and install them into an integrated medical/behavioral laboratory 
neasurement system. 

. MECHANICAL INTERFACES 

A. Mechanical Operation Diagram with sequences, operations, etc. 

B. Envelope Drawing 

C . Mounting Surface(s) 

D. External Connections Layout 

E. Mounting Orientation 

F. Special Mounting or alignment Instructions 

G, Weight and Center of Gravity 

[I. THERMAL CHARACTERISTICS AND INTERFACES 

A. Operating temperature limits 

B. 

C . 
Minimum and maximum non-operating temperatures 

Heat generated during operation mode 

I). 

E. 

Heat generated during stand-by mode 

Cooling provisions; active refrigeration: coolant flow, temperature in and out; 
Passive emission; and conduction paths and temperatures expected. 

F. Heaters required - -  

G. Insulation and/or thermal conduction paths required between package and mounting 
structure o r  heat sinks. 

III. ELECTRICAL INTERFACES 

A. Electrical Schematic Diagram 

B. Electrical Interconnection Diagram 

C e Electrical Operation Sequences 

D. Electrical Power Requirements 

E. 

F. EM1 Suppression Provisions 

G. Signal Output 

H. Continuity Checkout Provisions 

Means for  Energizing o r  Disconnecting Circuits 
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Table 4-22. Installation Interface Data Required (Cont) 

I. Special Electrical Instructions 

J. Special Cabling Requirements 

IV, DATA MANAGEMENT, INSTRUMENTATION AND TELEMETRY 

A. Measurements 

B. Resolution and Accuracy Required 

C, Recording, Playback, and Transmission 

D. Display and Controls 

E. On-Board Checkout and Calibration 

V. ENVIRONMENT CONSTRAINTS - MAXIMUM AND MIN'IMUM LIMITS 

A. 

B. Launch (Powered Flight) 

C. Orbital Operations 

D. Orbital Storage 

Transportation and Storage on Earth 

VI. TEST CONSTRAINTS 

A. Pre -Qualif ication 

B. Qualification 

C. System Qualification 

D. Flight Acceptance 

E. 

F. Field Procedures Documentation Lists 

AGE Requirements (Storage or Operating cycles limitations) 

Vu[. EQUIPMENT DEFINITION AND MISSION UTILIZATION 

A. Number and Identification of Experiment Components and Assemblies per Flight for: 

1. Refurbished Command Module 

2. Lunar Module 

3. Orbital Workshop 
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Table 4-22. Installation Interface Data Required (Cont) 

VIII. MATERIAL, FUNCTIONAL AND OPERATIONAL CONSTRAINTS 

A. Specid Material Selection Criteria 

B. Safety Considerations 

C. Contingency Provisions 

IX. CREW SYSTEMS CONSIDERATIONS 

A. Access Required 

B. Restraints Required 

C. Repair and Maintenance Provisions 

D. Human Factors Provisions 

1. Shirt-sleeve 

2. Pressure-suited 

E. EVA Required 

Obviously all of these categories will not be required for all modules and the list presented 
is meant to show the types of interface data that will ultimately be required to effect a con- 
trollable, systematic approach to modular segment and vehicle installation interface control. 
Since the packaging task will include the utilization of many vendor supplied modules, modular 
elements, and even sub-modular components, it will be necessary for General Electric to 
implement and maintain design control over the vendors. Documentation such as Table 4-22 
is required. 

4.3.5 INTERNAL MODULE DESIGN CONSIDERATIONS AND APPROACHES - ELECTRICAL 
COMPONENTS 

4.3.5.1 General 

To provide an insight to the types of techniques that GE is considering for electronic packaging 
at the component or subassembly level the following discussion is presented. The basic 
approach to the design and development of the electronic components or "black boxes" that 
make up the modules previously identified will be to incorporate, wherever possible, pre- 
viously qualified parts and components, circuit designs, packaging techniques, and off-the- 
shelf items to minimize design and development time and to maximize reliability. 

The requirement for commonality imposes strict reliability requirements which will be re- 
flected in the product design criteria. The basic design will be in accordance with the system 
requirements for equipment which is to be extremely flexible to handle technical requirement 
changes and the adaptability to different spacecraft and mission requirements. Individual 
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components r functional semblies will be light-weight with high volumetric efficiency and 
capable of meeting the worst combinations of the environmental requirements. 

4.3.5.2 Standard Assembly 

To satisfy the requirement for flexibility and modularization, individual components will be 
designed into standard profile boxes o r  assemblies. Each will contain a complete component 
o r  functional groups of circuits and have standardized electrical, mechanical and thermal 
interfaces. 

For example, a standard module/frame/patch concept can be developed to furnish the desired 
flexibility in order to add, subtract and replace circuits to obtain different configurations for 
different missions. Standard electronic assemblies, standardized with respect to dimension, 
electrical connection interface, shielding effectiveness and thermal and mounting interface, 
can be plugged into frame in a most general and unrestricted manner. The frame provides 
electrical power, mechanical support, thermal heat-sinking and basic monitoring and control 
capability. Signal inputs and outputs must be capable of being interconnected in any manner 
required. The standard assemblies contain those components o r  groups of circuits likely to 
be replaced o r  interchanged during a reconfiguration. Circuits and housekeeping components 
not likely to be replaced such as front panel controls, displays, distribution, etc., can be 
designed into the main frame. Though not likely to be reconfigured, these should be designed 
to be easily replaced to facilitate system development. 

To obtain the desired flexibility, signal interfaces a re  brought to a patch panel o r  intercon- 
nection assembly which is designed peculiar to each system configuration. This provides the 
desired signal interconnections on system/subsystem levels and can be readily interchanged 
to vary subsystem interconnections during developments as well as for reconfiguration to 
meet new, future mission requirements. 

4.3.5.3 Internal Packaging Concepts - -  
Circuits within the standard assembly will be packaged using the following design concepts, 
either singly or in combination: 

0 Printed wiring 

0 Potted welded cordwood subassemblies 

Microelectronics - Integrated circuits 

- Thin film depositions 

0 Hybrid combinations with individual parts 

Combination design includes individual conventional parts together with microelectronic 
elements assembled on to printed wiring boards o r  into potted welded cordwood subassemblies 
which in turn are assembled onto a "motherff printed wiring board. This main or  "mother 
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board" provides interconnection between the subassemblies and the connector and forms the 
structural and thermal tie to the standard assembly housings. 

Where high thermal dissipating circuit elements are involved, (such as in power converters) 
these will be mounted directly to the structural housing to provide a low thermal impedance 
and limit the temperature rise to the intermediate heat sink. Intermediate power parts can 
be mounted to the heat sink side of a printed wiring board which in turn is thermally and 
mechanically tied to the "wrap around" structure o r  housing. 

Examples of components using these packaging approaches can be seen in Figure 4-38. Note 
that within the desired standard assembly, various packaging approaches can be used each 
consistent with the electrical/thermal circuit requirements. Thus logic circuitry using 
microelectronic elements mounted on printed wiring boards may be used in one assembly 
whereas the power converter or  regulator o r  both may be differently packaged within a 
similar sized housing. 

I 
I 
E 

4.3.6 MODULAR SEGMENT - SYSTEM CONCEPT 

4.3.6.1 Svstem Approach 

One approach that has been considered for IMBLMS is that of the use of modular segments. 
The concept of modular segments considers the two levels of installation approach previously 
discussed and is shown schematically on Figure 4-39 and pictorially in Figure 4-40. This 
approach considers the assembly of the modular elements into modular segments which then 
have a single operational purpose. The three major s e b e n t s  are as  follows: 

a. Control Segment 

1.' Data Management, Displays and Controls 

2. Power and Signal Conditioning Equipment 

3. Services Support Equipment 

4. Medical and Behavioral Special Purpose Measurement Equipment. 

b. Biochemical Segment 

1. 

2. Analysis Equipment 

3. 

Biological Specimen Collection and Handling Equipment 

Pre se rvation and Storage Equipment 
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MICROELECTRONIC 
ELEMENT 

(INTEGRATED CIRCUIT 
OR THIN FILM) 
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PART OF HOUSING 
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& SEPARATE 

COVER 

NESTED TOGETHER INSIDE BOX 

Figure 4-38. Electronic Component Packaging Example 
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c. Accessories Segment 

1. Support Equipment for Measurement Requirements Sensors, Leads, etc. 

2. Medical Kit. 

A more detailed breakdown of the types of equipment in these modular segments can be found 
in Section 3 of this report. The operational sequence would be as follows. 

The unique medical devices such as the lower body negative pressure boot (LBNP), the 
ergometer (ERG), the rotating litter chair (RLC), etc. , are deployed near the IMBLMS 
equipment. Support services are  provided to these devices from the IMBLMS equipment and 
data from them are collected, displayed, and recorded by IMBLMS. The three modular seg- 
ments which contain the IMBLMS equipment are functional groupings of related equipments . 
Each of the modular segments can be folded into a compact rectangular package for storage 
during launch and for transporting into the operational area. Once in the operational lab- 
oratory area, they unfold and are  interconnected into an integrated operational console. The 
modular segment approach provides the structural element to house the IMBLMS equipment. 
The modular segment concept that General Electric has evaluated is compatible with all three 
carrier vehicles. A s  shown in Figure 4-40, it consists of basically three rectangular pack- 
ages, each 20 X 20 X 30 inches when stored for launch. Pending further definition of equip- 
ment weight and volume requirements perhaps additional modular segments would be required. 
The carr ier  vehicle/IMBLMS installations are 'discussed in paragraph 4.3,7. 

When deployed, the control segment would be hinged as shown to fold out into a console with 
data displays, controls, electrical power and services connection panel, signal conditioners 
and external measurement and services connection panel. A control surface unfolds from the 
bottom of this segment with data input and control keyboard. 

The biochemical segment is a similar package when stored, and it also unfolds as shown to 
form a biochemical and biophysical work section. It is interconnected with the control seg- 
ment for necessary electrical power and other services. It is also interconnected for data 
measurements, recording, and some control functions. 

Modular Segment No. 3 is the Accessories Segment. It unfolds along one hinge line only, as 
shown. This hinge is a lift-off type so that the two halves of this segment can be separated. 
This is desirable in some cases, when half of it may be used with the control segment and the 
other half with the biochemical segment. 

Other modular segment-type approaches could include segment structural support housings 
that would be specifically tailored to the car r ie r  vehicles. These concepts would perhaps 
make better utilization of the available stowage and operational volume but would not have the 
singular capability of use in all vehicles. 

To satisfy a requirement for a vehicle installation that would not require an IMBLMS trans- 
portable by the crew, a pre-installed modular segment structural rack concept could be 
employed 
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Some of the advantages of the modular segment approach, as currently envisioned by General 
Electric are listed in Table 4-23. 

4.3.7 CARRIER VEHICLE APPLICATIONS AND INSTALLATION CONSJDERATIONS 

4.3.7.1 General 

To determine the feasibility of using IMBLMS type modular equipment, it is necessary to 
examine the volume that is available, o r  could potentially be made available within the three 
potential carrier vehicles. Figure 4-41 depicts the volumetric considerations for  the space- 
craft to be considered. 

This figure compares the RCM, the LM, and the OWS and MDA volumes available for stowed 
equipment and for crew operations. It ais0 shows a comparison of the current AAP bio- 
medical experiment volumes for storage and operation of the experiment in the spacecraft: 
The last column indicates the carr ier  potential for the three spacecraft on which IMBLMS 
may be installed. From this chart it is obvious that both the LM derivative and RCM will be 
space limited for use of the IMBLMS equipment. The OWS and MDA, however, appear to 
have ample volume for storage and operation of the IMBLMS equipment. 

The most significant aspect of the large volume available for the OWS operation is that it is 
not shape constrained. Thus the modular segment approach with its launch storage mode, is 
optimally suited for MDA storage during launch and transportation into the OWS for operation. 
The actual application of the IMBLMS equipment for the various carrier vehicles is discussed 
in the following paragraphs. 

4.3.7.2 Orbital  Workshop Operation 

4.3.7.2.1 General 

Figure 4-42 schematically illustrates the IMBLMS Modular Segments installed in the MDA 
for launch and deployed in the OWS for operation. Volume and configuration do not appear to 
be limiting on this spacecraft. The size and shape of the Modular Segments have been selected 
to allow passage through the Airlock and S-IVB hatches. The three Modular Segments may 
weigh in excess of 70 pounds each, a figure which was at one time a desirable limit on' boxes 
which the astronauts would have to move from the MDA into the OWS. GE funded test of 
astronauts moving mass under weightless conditions, simulated by underwater neutral buoy- 
ancy activities in a pressurized space suit, indicate that packages of this approximate size 
and mass will be no great problem provided that the necessary hand holds, tethers, and 
mobility aids are provided where needed. This can be determined by underwater neutral 
buoyancy simulation of the astronaut's activities in a mock-up of the orbital cluster in time 
to provide adequate design data as to the type and location of such astronaut aids. These 
would be installed in the spacecraft prior to launch. 
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Figure 4-42. Orbital Workshop and MDA IMBLMS Application - Total System 
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4.3.7.2.2 MDA 

Figure 4-43 shows the current experiment package internal arrangement of the MDA for AAP 
Flight 2 and how the IMBLMS equipment might be installed for a similar flight. The current 
IMBLMS modular segment dimensions 20 X 20 X 30 inches are well within the limits of the 
largest box currently being considered (20 X 25 X 40 inches). 

These flboxesf' are launch mounted in the MDA with quick-disconnect type fasteners so that 
they can be easily detached from their MDA location and transported through the airlock 
modules and into the OWS experiment operation area. 

4.3.7.2.3 OWS 

Figure 4-44 shows the A A P  2 experiment operation area in the LH2 tank modified to show how 
the IMBLMS modular segments could be deployed. Once the IMBLMS type boxes are brought 
to the OWS they are then mounted to the workshop wall in pre-defined areas, and re-utilizing 
the quick disconnect type fasteners. Once installed in the OWS the appropriate deployment 
would be accomplished and the power data and service couplings would be made, Pending 
deployment of the required supporting measuring input devices, the IMBLMS System would 
be ready for operation. 

4.3.7.3 Refurbished Command Module (RCM) Application 

For  the application of IMBLMS equipment to the refurbished command module, several pro- 
blems exist. A s  currently designed the command module is not easily amenable to removing 
and relocating subsystem equipment, due to the lack of existing design flexibility. However, 
if considerable latitude in removing existing equipment is provided, an installation such as 
shown on Figure 4-45 could be obtained. In this configuration the IMBLMS installation of 
three slightly modified modular segments mentioned in paragraph 4.3.6 are shown. Modular 
Segments 1 and 2 are shown in the RCM forward bay area mounted to the ring frame structure 
at Station XC 42.665. Modular Segment 3 is shown mounted vertically to the aft side wall in 
the lower equipment bay aft section. To accommodate these segments in the forward and aft 
sections of the lower equipment bay, it will be necessary to remove some existing equipment 
and secondary support structure. This area encompasses a volume of approximately 30 cu. 
ft. and currently consists of such items as  shown in Table 4-24. 

For an RCM application where a less extensive modification is desired, it would be possible 
to mount a somewhat smaller IMBLMS modular segment in the forward section of the lower 
equipment bay as shown on Figure 4-46. This installation would utilize the existing secondary 
support structure for the G&N equipment. Areas shown cross-hatched would be available for 
other experiment packages o r  perhaps individual ZMBLMS modules within the existing shape 
constraints. 
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Figure 4-43. MDA Interior Arrangement (IMBLMS Application) 
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Table 4-24. Block II. Command Module Equipment Removed 

-LOWER EQUIPMENT BAY (FORWARD SECTION) 

0 Guidance and Navigation System 

0 Food Compartments (A, B, C, D, E) 

0 Gyro Assembly 

0 Medical Compartment 

0 Towel Compartment 

-LOWER EQUIPMENT BAY (AFT SECTION) 

0 Stabilization and Control 

0 Tool/Table Drawer 

0 Scientific Experiment Compartments 

0 Tape Recorder and TLM 

4.3.7.4 Lunar Module (LM) Application 

The LM vehicle imposes an even more difficult problem than the RCM to adaptability of 
IMBLMS equipment. Mainly, this is because of the fact that it is only approximately 70% of 
the total volume of the command module and its geometric shape is confining with respect to 
retaining a reasonable volume for the crew to operate experiment support equipment. If 
considerable equipment can be removed, primarily in the areas of the commander's and the 
system engineer's side consoles, an IMBLMS installation such as shown on Figure 4-47 can 
be obtained. The same modular segment shape that was shown in the OWS and RCM applica- 
tions is again used, In this configuration, however, only a minimal area is provided for  
actual experiment operation in the main cabin area. The majority of available experiment 
operational area is located in the aft equipment bay, which unfortunately has a ceiling height 
limitation of approximately 5 feet. 

One operational possibility that could be considered for this configuration would be a remote- 
type of measurement activity. With appropriate length sensor leads and a remote data manage- 
ment control unit, unique experiment and GFE input devices such as the ergometer o r  rotating 
litter chair could be located elsewhere (such as in the MDA where ample operational space is 
available). 

Another concept that has been considered is an application where only one IMBLMS modular 
segment would be used. Figure 4-48 shows a conceptual layout of this type of operation. In 
this approach the main cabin is left basically unchanged and is used for actual experiment 
operation. The slightly modified modular segment is mounted in the aft equipment bay in the 
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Figure 4-47. Lunar Module (rMBLMS Application - Total System) 
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area previously occupied by the equipment shown in Table 4-25. To operate the modular 
segment console equipment the crew members sit as shown. Note, in this concept the ascent 
stage engine cover and engine are also removed providing a smooth floor area. 

Table 4-25. LM Aft Bay Equipment Removed 
- ~ ~~ ~ 

0 Food Containers 

0 Lunar Equipment 

0 E.V. Visors 

0 LiOH Cartridges (6) 

0 LM Guidance Computer 

0 Coupling Display Unit 

. 0 Power Servo/Signal Conditioner Assembly 

4.3.8 SYSTEM INSTALLATION - DESIGN ANALYSIS 

4.3.8.1 General 

To affect the carr ier  vehicle system installation it is necessary to conduct engineering 
analyses to assure: 

0 IMBLMS and vehicle structural integrity both statistically and dynamically 

0 System thermal control and carrier vehicle thermal compatibility 

e EMI compatibility 

0 Weight and balance control 

4.3.8.2 Structural Analyses - 

Structural analyses must be conducted both at the module and modular segment installation 
level to determine the structural adequacy of the module housings, modular interconnections, 
modular segment structures, and vehicle mountings, for both static and dynamic loading 
conditions. Loading environments considered will include pre-launch and storage , launch and 
orbital operation. The dynamic environments will include equipment operational and 
vehicle-induced vibratory and impulse loads. Analytical procedures and practices employed 
by GE are consistent with current aerospace industry-wide techniques. The procedures for 
the calculation of factors and margins of safety conform to NASA standards. 
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4.3.8.3 Thermal Control and Vehicle Thermal Compatibility 

Analyses must be computed to analyze and evaluate the thermal generation characteristics of 
the various "Black-Box" modules and modular components. If cooling is required to main- 
tain the proper modular segment thermal balance, appropriate design solutions will be pre- 
pared. The use of passiw, active, o r  hybrid thermal control systems should be considered 
during Phase C. 

I 

I 
I 4.3.8.4 EM1 Compatibility 

It is estimated that considerable problems will exist in the area of electromagnetic inter- 
ference due to the electronic component nature of the majority of the IMBLMS system equip- 
msnts. The various electronic and power modular interconnection schemes must be 
evaluated during Phase C to assure that acceptable EM1 hardware design practices are being 
employed 

I 

4.3.8.5 Weight and Balance 

During Phase C it would be necessary to maintain an effective control over the IMBLM 
System equipment and installation support equipment weights. This must be continuously 
tabulated and updated to insure that carrier vehicle experiment payload weight targets can be 
met. 

E 
4.3.9 IN-ORBIT MAINTENANCE, REPAIR AND REPLACEMENT OF IMBLM SYSTEM 

EQUIPMENT 

I 4.3.9.1 General 

D 
I 
I 
I 
I 
I 

'r E 

The successful completion of future long term missions where medical and behavioral 
equipment is used will require extremely reliable operation. Presently available compone:its 
do not have inherent reliabilities of sufficient magnitude to completely satisfy the overall 
requirement for long duration space flight. Thus, a major effort toward the IMBLM System 
reliability is required. This effort can take one o r  more of at least three courses: module/' 
component redundancy, module/component reliability improvement, o r  in-flight repair/ 
replacement by crewman. A s  a practical matter, efforts in all three areas are usually re- 
quired and expended. Some redundancy in the form of parallel units for  critical elements 
affecting system success is unavoidable. However, weight and volume restrictions dictate 
a limit to complete subsystem redundancy and complementary actions must be undertaken. 
Module component reliability improvement programs can be developed and conducted with 
resultant benefits. The practical limitation here is that the benefits are paced by the 
advancement of the state-of-the-art which is neither linear nor totally predictable and thus is 
not subject to scheduling. Finally, the repairman is called into the system to repair o r  
replace the failed o r  inoperable module to return the system to operational status. The 
characteristics of the spaceflight environment may impose severe limitations on the ability 
of repairmen to perform effective IMBLM system maintenance 

- 
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4.3.9.2 Approach 

me systems approach to the evolution of in-orbit maintenance capability for IMBLMS is 
directed toward a consideration of all factors that affect the effectiveness and efficiency with 
which maintenance can be performed. This approach is illustrated in the functional flow 
presented in Figure 4-49. 

me approach begins with the accumulation of the basic system data. This entails careful 
study of all measurement objectives, requirements, study guidelines, assumptions, pre- 
liminary modular configurations, and alternatives. The next step is to identify the IMBLMS 
modules and components in terms of functions, configurations, and interfaces and then per- 
form a failure modes analysis. The analysis is followed by determining the maintenance 
performance requirements. The requirements a re  specified in terms of the personnel and 
equipments necessary to affect maintenance of the potential failures previously identified. 
The maintenance performance requirements will be analyzed with respect to the feasibility 
of their accomplishment by manned maintenance activity. 

The analysis considers such items as: 

0 Basic human performance data 

Effects of gravitational environment, pressure suit, and supplementary 
life support systems 

0 Requirements for mobility aids, restraint, and maneuvering units 

Penalties, schedule impact and complexity of automatic maintenance 
equipment 

The final step is to provide maintenance and repair recommendations for the IMBLMS 
Phase C design. These recommendations are: first, establish Lhe maintenance philosophy; 
and second, proceed with the specific design, procedural, and support recommendations 
required within the framework of the maintenance concept selected. 

4.3.9.3 Identification of In-Orbit Maintenance Requirements 

4.3.9.3.1 System Components 

The lMBLMS System consists of basically five main generic categories of modules, with a 
total of twelve general classifications. (See paragraph 4.3.3) Since modularization and 
interchangeability are key elements in the General Electric IMBLMS concept, the system 
has a built-in capability for  repair by replacement. Thus all modules are removable from 
the modular segments with varying degrees of ease. 
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MODULE COMPONENT 

Power Power Supply 
Module 

Figure 4-50. Example of Failure Modes Analysis Format 

EFFECT ON 

SYSTEM MODULE FAILURE 

Short Circuit Total loss Nonoperable 
of power - - - - - - - - - - - - - -  - 

4.3.9.4 Maintenance Performance Requirements 

The relevant crew maintenance performance requirements will be defined by an assessment 
of the manpower and equipment needed for the IMBLM System. Accomplishment of this 
task will be by the construction of gross level functional flow diagrams. 

. Power 
-r, Controile --- 

- The functional flow diagrams will detail the significant failure modes as applicable to mainte- 
nance, repair and replacement function3. 

? -  

4.3,9.5 Determine Feasibility of Manned Maintenance Performance 

The maintenance performance r-equirements generated above will be translated into specific 
crew functions and tasks. These tasks will provide the basic data for generating the detailed 
maintenance procedures. The procedures will include all the requirements imposed upon the 
crew and carr ier  vehicle for maintaining the operational status of the IMBLM System. 

The crewman's capability to perform the above procedures is determined by a thorough 
analysis of the factors that will have an effect on the crewman's behavior. The analysis 
begins with a consideration of the basic human performance data relevant to ground mainte- 
nance and repair activities. This will include such items as anthropometric data, strength 
capability, reach envelopes, access requirements, tool gross and fine manipulative dqta, 
and so on. This basic data will be considered the optimum performance level the man is 
capable of generating. 

r- 
I fi- 

-, 
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The basic performance data list is refined and modified with respect to the known effects of 
operating in the space environment. 

PERSONNEL 
REQUIREMENTS ---.) 

The other major factor which subtracts from man's total performance capability in space is 
the zero-gravity environment. The strength of a man is influenced to a certain extent by the 
energy sinks available to the man. On earth, gravity provides the man with an energy sink 
at least comparable to his weight. This situation does not exist in space and, therefore, 
man's effective strength capability is greatly reduced. 

PERSONNEL PERFORMANCE 
CAPABILITY AIDS AND 

IN SUPPORT 
ZERO G EQUIPMENT . 

Where the comparison between requirements and capabilities is made and the crewman has 
come up lacking, certain possible answers present themselves. First would be to determine 
the  improvement in capability afforded by various types of support equipment such as mobility 
aids, tethering and restraint devices, zero-reaction o r  space qualified tools. 

Finally the analysis of man's ability to perform in-orbit maintenance is three-fold. A first 
analysis is to determine the disparity between the performance requirements and man's 
capabilities, Secondly, the capability to remove this disparity by providing performance 
aids must be specified. Thirdly, these results must be evaluated and a specific set of con- 
clusions generated from which to make the recommendations pertinent to the overall study 
effort. This type analysis is presented graphically in Figure 4-51. 

4.3.9.6 Analysis Outputs and Recommendations 

It can be expected that the results of the investigation of man's role in the accomplishment of 
in-orbit maintenance will provide data €or evaluation as illustrated in Figure 4-52, 

The following factors will be considered in generating the recommended solutions: 

a. Crew operational safety requirements 

b. Operational procedures replacement 

MANNED 
MAINTENANCE 
FEASIBILITY 
CONCLUSIONS 

Figure 4-51. Manned Maintenance Feasibility Analysis Diagram 
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C. 

d. 

e. 

f. 

g. 

h. 

4.3.9.7 

Many of 

Support requirements for both ground based and orbital equipment o r  
facilities 

Development of maintenance concepts 

Design considerations for ease of maintenance 

Personnel and human factors requirements and constraints 

Verification of orbital maintenance operations utilizing ground simulation 
techniques 

Failure modes 

Simulation Test Program 

the performance capabilities of space suited and unsuited crewmen in a zero-gravity 
environment are,  at present, undetermined. This is especially true concerning the capability 
of crewmen to manipulate, transport and maneuver large objects. 

Zero-gravity is simulated by the utilization of neutral buoyancy submersion techniques de- 
veloped and refined by a General Electric Company-funded program initiated in 1964. The 
program was initially conducted in a test facility located at the Philadelphia Aquarama and 
shown in Figure 4-53. It is a 200,000 gallon water tank with glass sides which provided the 
capability to investigate subsystem repair (Figure 4- 54); and the handling and assembly of 
large structure (Figure 4-55), 

h 1966, a full-scale mock-up of the S-NB stage of'the Saturn vehicle, including the Spent 
Stage Experiment airlock, was constructed in a protected cove in the Virgin Islands. (Fig- 
ure 4-56) This facility has been used to investigate human performance criteria for  station 
habitability, object manipulation and trmsport ,  mobility, usage, and to validate zero-g-ravity 
time line analyses. Figure 4-57 presents an example of an evaluation of object manipulation 
in zero-gravity. 

The results obtained from these-company initiated programs will be factored strongly into 
the considerations of maintenance and repair to provide realistic evaluations. 

4.3.10 SUMMARY 

For the IMBLMS packaging, modularization, and 'vehicle installation task, General Electric 
has established a uniform approach to the medical and behavioral laboratory measurement 
equipment design and installation considerations. The system is capable of being utilized 
in many measurement combinations and on various car r ie r  vehicles to provide a multi- 
measurement-multi-vehicle capability. The uniform approach to measurement equipment 
physical design employed by General Electric permits the grouping of experiment measure- 
ment hardware in various "building block" arrangements, thus providing a multi-purpose 
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Figure 4-53. 200,000 Gallon Underwater 
Fac iiity 

Figure 4-55. Handling and Assembly of 
Large Structures 

Figure 4-54. Subsystem Repair in 200,000 
Gallon Underwater Facility 

. Figure 4-56. Test Subject Entering Airlock 
at Forward End of SIV-B Spent 
Stage Simulator at Virgin 
Island Facility 
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Figure 4-57. Subject Performing Console 
Transfer Task in SN-B Spent 
Stage Simulator 



measurement capability. The key element to IMBLMS flexibility is the consistency of hard- 
ware design philosophy with respect to modularization, equipment interchangeability, assembly 
compatibility, and commonality. 

The design approach established during Phase B to modular packaging of the IMBLMS is 
based upon consideration of the existing spacecraft constraints, their flight schedules, and 
the potential availability of the IMBLMS equipments to meet these schedules. The design 
guidelines for this approach emphasize the modular approach to provide maximum flexibility 
for use on the three basic vehicles and for ease of modification for different flights. This is 
accomplished by: 

0 Interchangeability of modules in the assembly 

0 Interchangeability of use of common components for different measurements 

Provision of basic modular elements for essential services such as display 
and control,' data management, electrical power, and mounting and inter- 
connection racks 

A preliminary estimate of the IMBLMS measurement equipment necessary to satisfy the 
measurement requirements has also been established earlier in this report. 
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SECTION 5 

CANDIDATE EQUIPMENT 

5.1 INTRODUCTION 

The General Electric approach to IMBLMS is based in considerable measure on the solicita- 
tion and ultimate incorporation in IMBLMS of the best equipments, concepts, methods and 
procedures available in the whole of the bio-engineering community. In the biomedical and 
behavioral areas, with the exception of some work at NIH and the National Laboratories at 
Brookhaven, Argonne and Oak Ridge, developments of the past have been centered on equip- 
ment for the commercial marketplace. Such developments are often proprietary, have loose 
equipment specifications, scanty documentation and rudimentary safety precautions. The 
usual commercial vendors, in many cases, cannot afford nor do they wish to become involved 
in the elaborate documentation and testing programs inherent in aerospace developments. 

Various aerospace companies have made the first moves into this gap, but with only varying 
degrees of expertise. Aerospace engineers are generally not abreast of the state-of-the-art 
in all the varied specialties in medical and behavioral instrumentation while the individual 
vendors are engaged in highly specialized areas of work and instrumentation. How to combine 
the innovations and the expertise of these individual vendors with the system competence, 
hardware quality assurance, and documentation capability of the aerospace firm represents a 
real challenge. 

We believe it is in NASA's interest to employ, to the degree possible, the whole of the exist- 
ing university/industry effort and association in the medical and behavioral instrumentation 
fi'eld. Where single suppliers are selected and facilitized at considerable expense to conduct 
design and qualification of multiple equipments, the government incurs the risk of buying de- 
signs not reflecting the best in the state-of-the-art. Despitr? a conscientious attempt, the 
"not-invented here" philosophy colors the concepts and products. Where a single supplier 
philosophy has been used, competition has waned and the transfer of current developments to 
the aerospace field and, perhaps more importantly, the transfer of aerospace technology to 
the public domain has been small. This latter transfer, which has been emphasized in NASA 
statements and documents, relates directly to the breadth of involvement of manufacturers 
at all levels in the aerospace endeavor. 

- 

Rather than select a team with one o r  more of the current medical equipment suppliers, GE 
has elected to first survey the commercial community in order to identify potential equip- 
ments and concepts meeting IMBLMS needs and to stimulate and encourage the participation 
of this bio-engineering community on the broadest possible base. Many of these potential 
suppliers have never dealt with a large system procurement by government; few if any have 
government contracts, and their accounting practices may o r  may not conform to government 
requirements. 

The vendor survey results to date have impressed us, however, with the extensive pool of 
knowledge available and the depth and breadth of technical competence and company-funded 
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programs. Based on results of the survey, we believe that GE will  be in a position during the 
Phase C IMBLMS Program to make strong recommendations on equipment and manufac- 
turers which can be supported by a rigorous evaluation record and flproof of principalff operat- 
ing equipment. 

The assurance that this 'flaboratory" equipment can be furnished in reliable, flight-qualified 
form is a task which GE has accomplished many times over the past ten years. A variety of 
approaches a re  available which range from educating the subcontractor to the task of furnish- 
ing fully qualified flight articles to the acceptance of lab components for flight packaging and 
qualification. 

5.2 STATUS OF VENDOR SURVEY 

During IMBLMS Phase By General Electric undertook a survey of industrial organizations 
known to be associated with the design, manufacture and marketing of biomedical equipment, 
medical instrumentation, and other equipments related to IMBLMS. These firms were identi- 
fied by personal knowledge and contacts , advertising in the medical literature, government 
reports and NASA suggestions. A total of 86 companies were contacted by letter inviting them 
to attend an IMBLMS briefing held at GE's Valley Forge Space Technology Center on July 24, 
1967. Twenty one companies were represented at the briefing. The briefing covered the 
introduction of the principals in the GE effort, general AAP background information, specific 
IMBLMS information including the concept, program schedules, equipments sought, and GEj' 
vendor working relationships. 

Subsequent to the vendor briefing, seventy-four additional firms, plus twenty from the 
first list, were sent letters soliciting data on their biomedical hardware. Also, telephone 
conversations were carried on with seventy companies by different General Electric individuals. 
As a result, ten companies visited General Electric for separate and individual discussions. 

As a result of the solicitation, a, wide variety of materials and documents have been received, 
e. g. commercial catalogues , capability brochures, reports, and proposals. The vendor 
response is summarized in Tables 5-1 through 5-3. The vendor matrix is divided into three 
sections. 

1. Companies that responded by submitting proposals o r  providing data on their 
equipment (Table 5-1). 

2. Companies that responded by stating that they are not interested in IMBLMS o r  that 
they do not have the required capabilities (Table 5-2). 

3. Companies that did not respond to our correspondence (Table 5-3). 

Figure 5-1 shows the general location of vendors contacted. The eastern vendors are, in 
the main, commercial medical equipment firms or  small aerospace companies. The com- 

and in the supporting technologies, such as  tape recorders and computers. The western 
group includes Beckman Instruments and Space Laboratories, two companies who have been 

m 

panies in the far wes t  are the large aerospace companies in the biomedical equipment field . I  
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2. 

3. 

4. 

5. 

6. 

7. 

8. 

9; 

10. 

11. 

12. 

13. 

14. 

15. 

Table 5-2. Companies Not Interested or  Have No Capabilities for IMBLMS 

Philco-Ford 
Blue Bell, Penna. 

Martin-Mar ietta 
Denver, Colorado 

Bell Laboratories 
Whipanny, N.J. 

Gilaon Medical 
Middleton, Wis c . 
RCA 
Princeton, N. J. 

Douglas Aircraft 
Loa Angeles , Calif. 

Mennen Great Batch 
Clarence, N. Y. 

American Institute 
Pittsburgh, Penna. 

Keithley Instruments Co. 
Cleveland, Ohio 

McDonnell 
St. Louis, Missouri 

Fis cher Scientific 
Pittsburgh, Penna. 

Airborne Research & Development Corp. 
Suix Valley, Calif. 

Battele Memorial Institute 
Columbus, Ohio 

Lear Siegler 
Grand Rapids, Mich. 

North American - Autonetics 
Anaheim, Calif. 

I 

16. Brown & Root and Northrop 
Houston, Texas 

17. Ames Chemical Company 
Subsidiary of Miles Laboratory 
Elkhart, Indiana 

18. Consolidated Systems Corp. 
Pomona, Calif. 

19. Bendix 
Davenport, Iowa 

20. Boeing Co. 
Seattle, Wash. 

21. Raytheon 
Boston, Mass. 

22. Tektronix, Inc. 
Seattle, Wash. 

23. Phoenix Precision 
Instruments, 
Phila., Penna. 

24. Sage Equipment 
Buffalo, N.Y. 

25. GE-XRAY Dept. 
Milwaukee, Wisc. 

26. Northrop-Space Laboratories 
Hawthorn, Calif. 

27. Cutler-Hammer 
Airborne Instruments, Lab. 
Deer Park, N.Y. 

28. Richie's Associates 
Dayton, Ohio 

29. Honeywell Test Instrument Division 
Denver, Colorado 

30. Scientific Equipment Mfg. Corp. 
Lodi, N.J. I. 5-17 



Q, 
N 

d c 
H 
" 

4 

v) 
rl 

rl 

cd 

+- 
h 

*E! 

!i $ 2  

.-.I 

m 
d 

V '  

h 

I. 5-18 



t 
I 

t 
I 
I 
II 
I 
E 

I 

I 

I 

unable to participate actively in General Electric's IMBLMS program----because of their 
team arrangement for IMBLMS Phase B with Lockheed Company----but who have provided 
information on their standard equipments . 
A General Electric team, consisting of a medical and a technical man, visited eight companies 
(each representing a distinct type organization: i. e. small firm, non profit corporation, 
commercial medical research lab, advanced research lab, commercial medical equipment 
firm, medical instruments company with a strong engineering capabilities and a chemical 
company) to inspect their plants and to assess their hardware capabilities. Table 5-4 sum- 
marizes these visits. 

5 .3  VENDOR SELECTION 

During the Phase C program, General Electric plans to continue and expand the vendor asso- 
ciations developed during Phase B. 'Where appropriate, these relationships will  be formalized 
during Phase C on a competitive basis to assure maximum benefit to the IMBLMS program as 
the primary consideration, with back diffusion of space technology into the public domain as 
an inherent and desirable result of GE's multiple vendor approach. 

General Electric recognizes, as does NASA, that much of the IMBLMS equipment is not at 
this time in a fully flight-qualified state, and that many of the equipment vendors may not be 
able to establish the necessary capabilities to produce reliable, quality-controlled equipment. 
Consequently, a plan for carrying out the detailed design, development and qualification of 
these vendor-supplied items will be established during the Phase C effort, and will be shaped 
using the following guidelines: 

a. Where practical, General Electric will  assist vendors to qualify for aerospace work 
by showing them how to set  up required organizations and institute the reliability, 
quality control, testing and management control functions. 

b. If a company is strong technically and produces an  excellent product, but cannot o r  
will not set up aerospace programs in house, General Electric will  arrange for the 
qualification and acceptance testing to be performed by General Electric o r  other 
qualified companies. 

c. In those instances where neither of the above two approaches seems feasible, General 
Electric will establish joint relationships with the vendors with General Electric pro- 
viding the necessary detailed development and qualification effort. 

An important aspect of subcontracting portions of complex systems, like IMBLMS, is to deter- 
mine how the system should be divided so that each participating company could perform work 
undertaken by it effectively. From General Electric's experience and other observations, it 
is evident that American industries a re  geared to perform economically, to produce on time 
and to deliver quality hardware only if the work assigned to them is representative of what 
they have done in the past o r  i f  it lies in the area of their main capabilities. The decisions 
establishing the subcontract llpackagel' must be made by looking at the package from the sub- 
contractors point of view and not merely being guided by what is considered a logical system 
break. 
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For example, the interfaces for the subcontractor rfpackage'f must be at the hardware that he 
is designing. The subcontractor should not be responsible for interconnecting harnesses. In 
addition, the subcontractor should be given other interface data on specific parameters (vibra- 
tion and acceleration level, type of mounting surface, temperature and other environmental 
conditions as seen by his component). He should not have to calculate these parameters from 
the data pertaining to the rest of the system. 

Some subsystem elements should not be subcontracted when the particular hardware performs 
a central function for many pieces of equipment (many interconnections and integrating and 
processing functions). The performance specifications for this type of equipment are tradi- 
tionally the last one to be finalized; changes can start a chain reaction in other subsystems. 

From General Electric's experience, for example, it is best to assign the following functions 
to the subcontractor in the design of electronics hardware. 

a. 

b. 

C. 

The prime system contractor supplies raw (typical for a given vehicle), fused 
power and a spec on radiative and conductive interference. The subcontractor, 
in turn, designs the power conditioners to the requirements of his hardware; 
his ground must be isolated from the rest of the system. 

The subcontractor must meet the performance and qualification requirements 
described in the purchase specification, but he may exercise limited freedom 
in selecting, for example, the sensors, in designing the signal conditioners 
and in mechanization of hardware funotions peculiar to a given equipment 
(servo mechanisms, drive motors, optics, fail safe circuitry and other safety 
aspects). The subcontractor is solely responsible for the stress, thermal 
and EM1 analyses on his equipment and the qualification tests. 

If the output signal from the subcontracted component is in a digital form, the 
impedance load into which the signal will operate and the noise level and length 
of the cable will be specified. The prime contractor will also specify the 
signal voltage and the use of differential amplifiers, if necessary, so that the 
electrical interface would be compatible with the rest of the system. 

In summary, subcontractor interests must be considered in the preliminary system design 
and his interfaces must be delineated early in the program to assure an efficient use of pro- 
gram funds and the deliveries of hardware on time. The determination of an optimum 
subcontract "package" is a vital step in establishing effective subcontract management. 

5.4 ADVANTAGES TO IMBLMS OF THE GENERAL ELECTRIC VENDOR APPROACH 

IMBLMS is not a typical aerospace program. The equipment technologies in existence in 
biomedical, behavioral, and chemical analyses fields have generally not been developed for, 
or funded by the government. However, these commercial equipments, currently operationax 
or  in advanced stages of development, can be used as  is, modified or  repackaged for use 
in IMBLMS. 
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General Electric has approached equipment selection with the objective of utilizing as much 
as possible these developed technologies and to thus take advantage of these privately 
sponsored research and development projects. 

The companies contacted responded to General Electric's solicitation to participate with 
material contribution (proposals, technical data) and an interest to  be involved in a program 
of IMBI;Ms*s magnitude and complexity. Several companies have presented General Electric 
with proposals describing advanced designs of equipments which have not been commercially 
produced because the companies involved felt that there was no large commercial market for 
these devices. 

One of the reasons different companies frequently mentioned as to why they would like to be 
contributors to IMBLMS is that this would be a means of their keeping informed in the ad- 
vanced biomedical instrumentation field. 

A few companies have indicated that they would like to participate in IMBLMS for the sake of 
the prestige value that would accrue to them. These companies recognize that there is no 
volume market in government for biomedical instrumentation. However, they do point out 
that IMBLMS participation would be a scientific stimuli and a morale booster for their tech- 
nical staffs and a good source for marketing publicity material. During the General Electric 
survey, it was somewhat surprising to find that many commercial firms had only an ele- 
mentary knowledge about NASA's projects and how NASA conducts its activities. General 
Electric's role in Phase B was to inform and stimulate these firms to voluntarily contribute 
technical data and consultation. The possible general and specific benefits of the IMBLMS 
program were continually stressed. Such items as uniform safety specifications for medical 
instrumentation, equipment performance standards, software and computer techniques and 
development of large systems made of different monitoring equipment, may very well con- 
tribute to the advancement of the commercial industry. 

Some of the direct and indirect benefits to NASA stemming from the General Electric's 
IMBLMS vendor policy are as follows: 

a. Competitive bidding on subcontracted system elements. This will assure 
the lowest cost, and strong support from the performing company's technical 
and management echellon to stay within the contract funds and to deliver on 
time. 

b. Uncover advanced equipment designs and techniques developed by private funds. 
This will decrease the need for NASA to fund research and development projects. 

c. Help additional small companies participate in NASA business. General Electric 
has had an extensive experience in introducing new companies to government 
work in many different technologies. 

d. Facilitate NASA channels of communication to the physiological, behavioral and 
chemical analyses industries. Beneficial information would flow in both directions 
with benefit to both NASA and the participating companies. 
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5.5 IMBLMS EQUIPMENT CLASSIFICATION AND MATRIX 

General Electric has reviewed the measurement list of Annex B to the NASA work statement, 
the experiment protocols provided by NASA, and other appropriate literature, and from this 
activity a grouping of equipments into the following three categories has evolved: 

a. 

b. 

C. 

Unique, s ingle-purpose experiment equipments which in general represent ma,jor 
separate procurements by NASA. These are shown in Table 5-5. These equip- 
ments are considered by General Electric to be outside the scope of IMBLMS. 

IMBLMS equipment, which because of previous NASA procurements, may be 
considered to be GFE. This equipment is tabulated in Table 5-6. 

IMBLMS equipment for which qualified vendors will be required. d e s e  are  
shown in Table 5-7. This listing is based on the measurement requirements ' 

discussed elsewhere in this report. Note also that availability of an on-board 
computer is assumed (together with appropriate software). In the General 
Electric approach, the computer (and software) are  used to eliminate the need 
for a number of conventional hardware items, e.g. a programmer, and thus 
simplify and reduce size and weight of the overall system. 

It is recognized that GFE equipment (item b) may require repackaging to meet the overall 
IMBIlMs system design. Also, in most instances, only a portion of a GFE system may be need- 
ed for IMBLMS. For example, to provide ag electrocardiogram or phonocardiogram capability 
for IMBLMS, only the transducer portion (and possibly signal conditioners) of the GFE devel- 
opments will be needed for IMBLMS. The remainder of each of these two GFE developments 
(e. g. displays, controls, power conditioner) will be replaced by new, multipurpose JBBLMS 
equipment. 

5.6 SUMMARY 

General Electric's approach to the selection of equipment for IMBLMS is largely based on the 
solicitation and ultimate incorporation in IMBLMS of the latest and best equipments, concepts, 
methods and procedures available in the whole of the bioengineering communi@, This multi- 
ple vendor approach was implemented by holding a vendor briefing (25 attended), by writing 
and soliciting equipment data (158 companies) , by following up with information exchange 
through telephone conversations (80 companies) , by meeting separately with vendors at 
General Electric (ten firms), and by visiting eight vendors at their plant locations. 

Judging by the vendor responses, General Electric's vendor policy may be considered a 
success. The vendors submitted technical data and proposals on their equipments; advance 
developments not commercially available were uncovered. As a part of the vendor activiiy, 
General Electric emphasized to vendors the importance of IMBLMS and the benefits that can 
accrue to the participants. As a consequence, many companies have expressed interest in 
IMBLMS, even when realizing that their contribution will be small and monetary reward 
nominal. 
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Table 5-5. Non-mLMS Equipment (GFE) 

Electrocardiogram 

Phonocardiogram EEG 

Impedance Cardiogram Body Mass 

Single Breath Gas Analyzer 

’ Neuro Kit (Rod and Sphere) 

I 
1 

Thermocouple Harness 

1 Medical, Kit Hx and Px Forms 

I Automatic Blood Pressure Device 
I 

Rotating Litter Chair Ballistocardiogram 

Fiber Optics System Bicycle Ergometer 

Gamma Gauge (Bone Densitometry) 

Endoradiosonde 

Food and Water Dispensing System 

Waete Sample Collection Device 

Whole Body Exerciser 

Lower Body Negative Pressure Device 

Water-Cooled Suit 

Anti-g Suit 

Small Radius Human Centrifuge Elastic Leotard 

Table 5-6. IMBLMS Equipment (GFE) 
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The survey revealed that physiological measurement equipment is the furthest advanced, the 
chemical analysis systems need additional development for space application, and the be- 
havioral measurement techniques are far from being perfected even for ground application. 
A further finding is that considerable advanced work is being performed by commercial 
research organizations in medical instrumentation. A mutually satisfactory approach to 
these companies can make these designs available to IMBLMS without the necessity of NASA's 
funding of separate research and development. More conventional equipment is available for 
immediate use; the only effort required is repackaging and incorporation of the components 
into the IMBLMS hardware configuration. 
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I 
APPENDIX B-EQUIPMENT DEFINITION 

Appendix €3 is a compilation of equipment information on the various measurements required. 

Component and eupport equipments plus functional flow diagrams are included for each 

measurement as appropriate. 
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APPENDIX C 

EXCERPTS FROM PRESERVATION OF BIOLOGICAL SPECIMENS STUDY 

FINAL REPORT 

This appendix is comprised of selected excerpts from the final report on Contract No. 

NASW-1562, "A Study of the Collection and Presentation of Biological Specimens during 

Space Flight for Post-Flight Analysis" and includes the following information: 

D . l  Table of Contents 

D.2 Summary 

D. 3 Conclusions and Recommendations 

D. 4 Selected Charts and Diagrams 
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C. 2 SUMMARY 

This four-month study, Collection and Preservation of Biological Specimens During Space 

Flight for Post-Flight Analysis, performed under Contract NASW-1562, has included 

cons ideration of both the biological and engineering aspects of collection and preservation. 

The philosophy underlying the approach taken by the General Electric Company is stated 

in Section 2. The guiding motive in this approach was to try to assure that analytical 

results would yield the best data possible in terms of physiological significance, accuracy, 

precision, and sensitivity. The need for good physiological data is self-evident: extended 

weightlessness may result in changes in the physiology of astronauts which may be delete- 

rious either temporarily or  permanently. Little information is available in regard to 

physiological changes which may take place in the course of space flight. All that we know 

is the result of before and after studies, for the most part, for the relatively short periods 

of the Gemini missions. Another consideration which has guided GE's approach has been 

the safety of the astronauts, who should not be exposed to hazardous chemicals and 

procedures. 

Analytical methods for constituents of blood, urine, feces, and sweat are described in 

Section 3. These methods were chosen with a view to eliciting the most precise and accur- 

ate data possible from samples preserved during experiments planned by NASA. The 

question of possible preservation methods also played a role in the choice of techniques 

because some methods could not be used on preserved specimens; especially in the case of 

whole blood, in-flight determinations may have to be made since no adequate means of pre- 

servation was found. Another factor in the choice of analytical methods was their degree 

of acceptance and use by research and clinical laboratories. Some techniques which may 

yield excellent results have not as  yet come into general acceptance and, because of this 

and intrinsic difficulty, their use may be limited to a few research institutions. The 

techniques chosen are summarized in Tables 3-1, 3-2, 3-3, 3-4, and 3-5. 

I. c-5 



Sampling and preservation of microorganisms are treated separately in Section 4 because 

so much of the methodology needs firmer definition, and the quantitation of microbiological 

data still eludes us. The problems of culturing microorganisms during flight and various 

techniques of preserving them for post-flight analysis are considered at length. Various 

old and new methods of sampling are also considered; development of new, and modifica- 

tion of currently used techniques are recommended. Methods of analysis and identification 

of microorganisms are also discussed. Automatic means of identification, such as gas 

chromatography, mass spectrometry, infrared spectroscopy, and fluorescent antibody 

technique which are in the development stage and may be available for routine use in the 

future are considered. 

The engineering and biological aspects of preservation techniques are discussed in Section 5. 

Based on system weight and state of development, the order of engineering preference for 

biological sample preservation is rated "best to worstf1: chemical, refrigeration (chilling), 

freezing, vacuum distillation, lyophilization, and adsorption-ion exchange. A best 

approach is selected for each, and the weight, power, and volume penalties are discussed 

at length. The biological problems involved are considered separately for blood, urine, 

feces, and sweat. Feces and sweat appear to be the easiest to preserve reliably. Urine 

. presents more difficulties, but most can ,be solved by several approaches. Blood, however, 

presents extremely difficult problems with respect to the preservation of some of its con- 

stituents. The only solution to some of these at present appears to be in-flight analysis. 

Other problems have no ready solution but would require laboratory developmental work. 

Al l  preservation choices require experimental verification and establishment of standard 

base-lines for any changes in constituents which might occur as a result of a preservation 

method. 

Collection and handling of the samples are discussed in Section 6 .  Each biological material 

is discussed separately, and approaches which take into account the absence of gravity and 

the necessity for scrupulous avoidance of spillage are presented. Several approaches are  

possible for each material and are described in detail. Some of these make use of designs 

I, C-6 
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already developed by the General Electric Company. Other concepts were developed dur- 

ing the course of this study. Besides devices for collection and storage of the materials 

themselves, the need for an on-board centrifuge and washing machine is pointed out and 

preliminary concepts for these devices are shown. Sample containers for holding liquid 

bacteriological culture media, which permit the addition of samples, are discussed as 

are storage and transporting modules for all samples. A final sub-section treats the 

problem of trash disposal and describes a suggested approach. 

Sampling regimens are presented in Section 7. Included are schemes for accommodating 

all the clinical evaluations listed in Appendix A as well as others which would provide a 

stepwise approach. Sample sizes have been determined so as to allow analyses in dupli- 

cate for the constituents of interest. Volume, weight, and power penalties for storing 

samples by the method of choice are also listed. In addition, clinical evaluations listed 

in Appendix A, plus others of possible interest have been ranked in groups on the basis of 

physiological importance and feasibility of performance. Volume, weight, and power 

penalties for these groups have been determined for the various preservation methods 

considered. The need for assessment of the relative importance of tests and final priority 

assignments based on a trade-off between priority assignment by scientific merit and 

feasibility ranking (by flight schedules, flight qualified hardware lead time, and crew 

skills required) is pointed out. The problem of physiological importance and feasibility 

of performance has also led to a tabulation of tests listed in Appendix A which could be 

omitted from the preservation regimen. 

. 

An outline of a training program for astronauts to prepare them for carrying out the pro- 

cedures necessary for collecting, handling, and preserving biological specimens is des- 

cribed in Section 8. There are two approaches taken depending on whether a flight surgeon 

is a member of the crew. Also included is an estimate of clock-hours of classroom 

attendance reeded to train a crew to the necessary level of proficiency. 

Conclusions of this study and recommendations for future work are included in Section 9. 

I. c-7 



C. 3 CONCLUSION AND RECOMMENDATIONS 

After a four-month study of a multi-faceted problem containing dependent, independent, 

and confounding variables, it would be presumptuous to label the bulk of our conclusions 

a s  any thing other than "tentative". They are discussed below, a s  our recommendations 

for  future study. 

9.1 CONCLUSIONS 

In a number of instances, a recommendation for work in a given area is the result of a 

conclusion that insufficient information is available. 

9.1.1 ANALYTICAL METHODS 

The analytical methods deemed best for each of the body constituents a re  described in 

Section 3. During the selection of these techniques, two suspicions were confirmed: 

1) Precise, accurate, and sensitive tests of proven worth a re  readily available for elements, 

inorganic radicals, and relatively simple organic compounds; 2) for complex organic 

compounds ranging from steroids to proteins, precision and/or accuracy tend to diminish 

rapidly. Another drawback to many such tests is the large sample volume required. 

Clinical tests on whole blood a re  fQr the most part approximations which are  compared to an 

empirically obtained set of standards. A common determination such a s  a WBC differential 

is subject to considerable fluctuation even when done by the same technician on two 'samples 

of blood taken within a few minutes of each other from one person. 

Platelet counts can and do vary to  the extent of - + 35%. While such tests do supply qualitative 

information, their lack of precision and accuracy place them low on the priority list for 

inclusion in a set of flight experiments. 

Urine ana lyses , with the exception of 17- h ydr oxycor ticoster oids, aldosterone, ser o$nin, 

and vasopressin, can be done within the precision limits, set by NASA, of 5 5%. This is in 

keeping with the statement above regarding loss of precision in tests for the more complex 

organic compounds. 

1. C-8 
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Feces and sweat electrolytes can be measured with comparative ease. 

9.1.2 MICROORGANISMS 

Disagreement is rife among biologists dealing with "locked flora", and microorganisms 

indigenous to the skin and gut over what constitutes a "normal flora'?, how *'normal*' should 

be defined, how measurements of changes in skin and gut microfloral populations should 

be made, how samples should be takeq and incubated, and the roles of protozoa and particularly 

viruses in man's personal microorganisms. The unequivocal statement can be made that 

neither the theory nor the practice of microbiology has yet developed to a s ta te  where accurate 

precise quantitative data on changes in skin and intestinal microorganisms can be obtained 

on the ground, much less in orbit. Qualitative data though can be obtained but must be care- 

fully interpreted. 

9.1.3 PRESERVATION 
By far and away, chemical preservation is the simplest and most economical method with 

minimum weight and volume and no power cost. Unfortunately, electrolyte determinations me 

the only accurate assays that can be made on samples preserved in this fashion. The handful 

of reports in which various assays were made on stored samples, preserved chemically by 

freezing and refrigeration, have proven of minimal value during this study. There is no 

body of literature devoted to  clinical analyses on preserved and stored samples. A consider- . 

able amount of work has been accomplished in the freezing of blood for future transfusions, 

but not only is most of the preservation a t  dry ice (-78OC) or liquid nitrogen (-195OC) 

temperatures, (prohibitively low to reach and maintain within the biomedical experiment 

weight and power bogies shown in Appendix C), but the criteria for efficacy of preservation 

a re  concerned with the attribute of cell viability, nut minimal changes in value of blood 

constituents . 
For the analyses listed in Appendix A, freezing, refrigeration, and incubation will all be 

required, plus chemical preservation. For purposes of safety, it may be necessary to 

refrigerate chemically preserved specimens. 

I. c-9 



Lyophilization and vacuum distillation, with the exception of reducing wash water volume, 

a r e  feasible but are considered inferior. Lyophilization is an excellent technique for 

preserving many sample constituents, but engineering penalties are severe, and freezing 

preserves these constituents just as well for lfights of several months duration. Drying 

of samples over a desiccant looks good on paper, but no data on this method is available. 

Ion exchange resins, ring over chromatography, and other adsorption or  absorption 

techniques are much too unwieldy for  application to  flight experiments. 

I 

9.1.4 COLLECTION AND HANDLING 

Feces and urine can be collected automatically. There are no handling problems with the 

recommended systems. 

Sweat? whether the collection bag o r  washing machine is used, will require a bit more . 

effort on the part of the crew. Handling of the’ sample is quite straight forward. 
,. .” 

Collection and handling of fecal samples, swabs, etc. for microorganism assay, though, I 

is a different story. A highly motivated and well trained crew is mandatory if strict 

adherence to a sampling protocol is to  be assured. 

For proper collection and careful attention to the several blood handling schemes, a well 

trained and highly motivated crew is again mandatory. 

Drawings of various pieces of apparatus for use during weightlessness are shown; a.€l would 

require relatively short development times. 

9.1.5 SAMPLING REGIMEN 

The number of blood samples and their volumes, when taken on the 7-day rotating schedule 

flable 7-2) which includes all the clinical evaluations in Appendix A, can be cut to a more 

reasonable number if those evaluations listed in Table 7-11 are omitted. 

1. c-10 
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9.1. G TRAINING 

During a GE sponsored test, engineering personnel were trained within a week to draw 

blood from one another and did so for a month. During another company funded study, test 

pilots had a great deal of difficulty in using a spirometer. The difference between the two 

groups was not in intelligence or prior experience but in motivation; without a strongly 

motivated crew, the experiments will  not be done properly, if at all. 

9.1.7 RELIABILITY AS RELATED TO COMPLEXITY FROM THE BIOLOaCAL VIEWPOINT 

In general the more complex a procedure is for collection, handling, or preservation, the 

less reliable. At every stage there is the possibility of operator error or system failure 

with resultant loss of sample and/or hazard to the astronauts. This is particularly true 

of some of the procedures necessary for handling blood samples. However, this problem 

has two sides to it. Some techniques and equipment may have to have complexity built-in 

to ensure greater reliability, especially with reference to  stabilization of constituents. 

For example, serum or plasma has to be separated *om blood for many analyses. In order 

to be able to do this in zero gravity, special containers must be developed and an on-board 

centrifuge will  be necessary. A great deal of operator finesse will  also be required. It 

would be desirable to simplify all techniques and equipment to increase reliability. But in 

order30 perform some tasks at all during flight, a certain degree of complexity is unavoidable. 

9.2 RECOMMENDATIONS 

9.2.1 STUDIES ON PRESERVED SAMPLES 

As has been mentioned several times, there are big gaps in our knowledge of how various 

constitutents of biological materials hold up under various forms of preservation. A broad 

laboratory study of this problem utilizing various types of preservation is necessary to 

determine the best methods for various constituents. Data on stability is meagre. All types 

of preservation have not been followed experimentally in similar ways so some of the data 

which is available cannot be compared. This is especially true for duration of reliable 

storage. The gaps concerning these points can only be filled by extensive experimental 

studies. 
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me particular area where there exists little, if any, information is comparison of the 

efficacy of various temperatures of frozen storage. Those few studies which have dealt 

with the stability of biological constituents in the frozen state have only dealt with a single 

temperature of storage (with the exception of freezing erythrocytes for later transfusion). 

Rate of keezing has also received little discussion aside from its importance in preserving 

blood cells intact. These two areas, &freezing rate and storage temperature, require a 

great deal more study to permit the choice of optimum conditions for this type of preservation. 

If samples are to be preserved and stored for post-flight analyses, studies should be started 

now to develop standard curves for stored body fluid constituents of interest. Preservation 

by chemical means, refrigeration, and freezing are the prime candidates. Samples of urine, 

feces, sweat, whole blood, plasma, and serum should be stored for periods of time not less 

than twice the planned resupply interval. Chemical preservatives which do not pose a crew 

safety hazard should be sought. Refrigeration at  various temperatures should be tried, 4OC 

seems to be a sacred number; whether 2OC or 7OC might be better is unknown. Freezing 

with controlled and uncontrolled rates of heat removal needs investigation as  well as frozen 

storage at various temperatures. It must be emphasized that refrigerators and freezers 

made for home use, but which are routinely used in laboratories, are not satisfactory for 

these studies. Constant temperatures 

with a sensitive, precise, and accurate temperature sensor and recorder keeping track of 

temperature excursions. 

- 

0.5 to f 1. O°C) should be maintained during storage, 

9.2.2 LABORATORY PROCEDURES 

Modifications of laboratory methods and equipment for easier use in weightlessness should be 

studied as soon as possible. Standardization of laboratory methods by the American Associa%ion 

of Clinical Chemists is a continuing process. The assistance of this and similar professional 

groups should be sought in an effort to  ensure that laboratory procedures, whether on-board 

or performed post-flight, on preserved samples are as accurate, precise, and sensitive as 
possible. 

The variation in test results among laboratories is too great to be ignored. Reference 

laboratories should participate in the planned experiments as a further check on. accuracy and 

precision. 
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9.2.3 CREW SELECTION 

The hypotheses that test pilots can be trained to  perform experiments, and the converse, 

that scientists can be trained to fly the vehicle should be rigorously examined. The success- 

ful performance of tedious, sometimes odious, and occasionally complex laboratory procedures 

is totally dependent upon the crew. If the purpose of the planned missions is to obtain 

physiological and biochemical data, then highly motivated, well trained crews are essential. 

Astronaut selection criteria should be re-examined and probably revised in order to obtain 

a crew possessing the mix of skills necessary for a top-notch laboratory. 

Consideration should also be given to the inclusion of laboratory technicians in the crew. 

Many good scientists create the illusion that they have ten thumbs and two left hands when they 

work Jn a laboratory. The experiments for the AAP missions will be carefully planned with 

set schedules, thus requiring more doing than theorizing. A scientist-astronaut should be 

in charge of the laboratory and should make all major decisions, such as switching to an 

alternate schedule, omitting o r  adding a given procedure, etc. ; but for routine tasks, and 

there will be many, a good technician would be preferable. 

9.2.4 MATERIALS 

Materials for use in a space laboratory must be chosen with care to avoid toxicity and/or 

fire hazards. A candidate list, fkom which materials for sample containers and handling 

equipment such as syringes, etc., can be fabricated, should be generated. These materials 

can then be tested for their applicability to laboratory usage. For example, the surface of 

plastics tends to be non-wettable. Surface etching may be required for tubes. The extent to 

which this changes the outgassing characteristics of the plastic is unknown. 

I 

9.2.5 SAFETY 

During certain of the experiments, one or more of the astronauts will require some finite 

amount of time to disengage himself from apparatus (e. g., meat test in Paragraph 3.3). 

&odd an emergency arise occasioning the need to don a pressure suit, time will  be of the 

essence. Procedures should be developed which will permit the astronaut to rid himself of 

encumbrances (an equipment design criterion must be quick release) in as short a period of time 
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as possible. Because of the array of equipment contemplated, studies to determine these 

emergency procedures should be done in parallel with equipment design. 

h o t h e r  hazard is presented by chemicals which may be preservatives or reagents. Each 

on-board laboratory procedure should undergo a risk assessment as  a separate task after a 

preliminary definition of what equipments and procedures will  be included in the operation 

of the orbiting laboratory. 

9.2.6 THERMODYNAMIC PROPERTIES OF BIOLOGICAL FLUIDS 

Either as a part of the long-term sample preservation studies mentioned above, or as a 

separate study, the thermodynamic properties of biological fluids need to be determined. 

Freezing of blood for transfusion use is largely an "overkilli7 technique. More heat removal 

capacity is available than is known to be needed. Overdesign, with safety factor added on to 

safety factor added on to margin of error, imposes severe weight, power, and volume penalties. 

Since these penalties have not been of primary concern in research and eleemosynary 

institutions, the major users of blood freezing and storing equipment, little definitive work 

on the thermodynamic properties of blood has been done. With knowledge, &om studies on 

blood preservation, of just how cold blood must be €or storage, how fast it must be cooled 

and then knowing how much heat has to be removed at what rate, this becomes an area where 

spin-off from the space program could i n 3  ienc.3 the design of blood-banking equipment. 

Smaller, more efficient preservation units would sharply reduce their cost. 

For urine, feces, sweat, and blood (including whole, plasma, and serum) information on 

thermal properties coupled with data on the effects of long term storage would be applicable 

to the shipment of biological fluids; specimens, when preserved and packaged properly, could 

be sent to  reference laboratories at any time with assurance that the analytic4 results could 

be evaluated. 

. 

9.2.7 DEVELOPMENT OF FREON VAPOR CYCLE COOIJNG UNIT FOR ZERO-G OPERATION 

The advantages of this type of cooling unit are discussed in Section 5. However, such 'equip- 

ment has not been developed for space vehicles. A study should be undertaken to  determine 

development time and application to uses other than sample preservation. 
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9.2.8 INDIGENOUS MICROFLORA 

Changes i n  both skin and intestinal microflora during confinement and isolation are under 

study in our laboratory. Sampling and recovery of microflora from the skin and feces needs 

considerable study in order to know what the original population is and how it changes with 

time during isolation and confinement. Since a pathogen can become the dominant microorganism, 

the health and safety of the crew will  be endangered. With the time before long term missions 

starting to grow shorter, better methods of controlling the microflora must also be found. 

Additional studies on sampling and recovery of microorganisms and on control of the indegenous 

microflora are urgently needed. 

9.2.9 THERMODYNAMIC ANALYSES OF SPATIAL HEAT SINKS (RADIATORS) FOR SPECIFIC 
SPACE FLIGHT MISSIONS 

During the performance of this study, a lack of information on spatial heat sinks was noted. 

Weight, power, and volume penalties for given missions could possibly be reduced if the 

heat transfer requirements of each mission could be treated separately. A modular radiator 

design would permit addition to, or reduction of, cooling capacity as required and might 

allow more flexibility in mission planning. A feasibility study is recommended. 

9.2.10 DEVELOPMENT OF A WASHING MACHINE FOR USE IN SPACE VEHICLES 

A description of a washing machine concept is given in Section 60 As mission length increases, 

personal hygiene poses more of a problem. Aside fiom the possibilities of doing mineral 

balance studies, an on-board clothes washing capability may also result in a welght reduction 

since less extra clothing would have to be carried. It has been determined that such a washer 

is feasible; the next step should be design and fabrication of a prototype. 

9.2.11 CENTRIFUGE DEVELOPMENT 

Whether biochemical analyses are  performed on-board, post-flight, or both, a centrifuge will 

be needed for the preparation of plssma and serum. A description of the centrifuge which 

is feasible is contained in Section 6. Design and fabrication of a prototype should be started 

promptly. 
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9.2.12 TRASH HANDLING 

In the normal course of clinical laboratory operation a large amount of trash is generated, 

Dirty disposable syringes, needles, tubes, used agar plates replete with bacteria, bloody 

sponges, and the like all furnish excellent breeding grounds for more bacteria and fungi. 

In a space vehicle, sterilization and storage of compressed plastic appears to  be a likely 

means Of Coping W i t h  US problem. 

should be subjected to a design study in the near future because a trash handling system will  

be required in an orbiting laboratory. 

A concept described in Section 6, and probably alternates, 

9.2.13 EXPERIMENTAL DESIGN 

The successful performance of contracting tasks depends in part upon the contractors* 

knowledge of the detailed rationale and experimental design of each experiment as further 

work related to experiments is initiated. Such information should, therefore, be made avail- 

able to contractors. 

9.2.14 EXPERIMENTER’S HANDBOOK 

Most of the experiments have been proposed by principle investigators who have a good deal 

of scientific competence but little or no knowledge of the process by which hardware for these 

experiments is fabricated and qualified for flight. We urge NASA to fully exercise its manage- 

ment prerogatives and set forth a carefully defined method of handling experiment hardware 

(hardware is emphasized here because sample collection and handling analytical and preser- 

vation equipment are intimately associated with the experiments) design inputs. Our past 

experience indicates that the following criteria should be met by such a method: 

a. Experimenter identity is recognized and retained throughout the program, 

b. 

c. 

Experiment integrity is not compromised in the integx-ation process. 

NASA liaison will provide opportunity for experimenter-engineer crosstalk at both 
the contractor’s facility and the experimenter’s laboratory. 

Contractor biomedical personnel should participate in experimenter-engineer meetings. 

Established deadlines for experimenter design inputs. 

Design inputs to be signed off by NASA and contractor personnel before prototype or 
flight design freeze. 

d. 

e. 

f. 
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h. 

i. 

Prototype hardware to be laboratory tested by both experimenters and contractor. 

Design changes in flight hardware to be specified by experimenters within 90 days 
after receipt of prototype h'adware. 

Direct contact betjveen contractor per some1 and individual experimenters for resolution 
of problem areas. 

Each of a e  criteria listed is based on GE's experience as an experiment (and experimenter) 

integrator. Very often the basic conflict between the hardware engineer and the academic 

research scientist is due simply to lack of understanding of the problems each must solve in 

order to perform an experiment within the constraints imposed by a space vehicle. 

The importance of schedule deadlines must be emphasized. Program delays can- occur if 

experimenters a re  not acutely aware that this is their program. Some items have a long 

lead time. Flight schedules can not be met if experimenter inputs are not made in a timely 

fashion, Design inputs should be signed off by both NASA and the contractor and engineering 

personnel so that the attainment of experimental objectives will be ensured and the contractor 

and NASA not faced with time-consuming, costly changes. Prototype testing should be performed 

in both the experimenter's laboratory and the contractor's laboratory so that design changes 

recommended for the flight articles will reflect desires tempered by reality. 

The orientation of experimenters ha's, in the past, been hit or miss. That participation in . . 

such a costly venture, at no risk to  the participant, is the case, has never fully been explained 

to the members of the scientific community who should be made aware, in detail, of the 

responsibilities of the experimenter. 

To this end, we strongly recommend that an Experimenter's Handbook be prepared, including 

inputs from experimenters, engineers, and biologists with prior experience on experiment 

programs. Such a Handbook would explain, for example, why design changes increase in 

cost as the program moves along. 

I 
t 
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C. 4 SELECTED CHARTS AND DIAGRAMS 

BLOOD - 

, 

TUBE 
( C o n t a i n i n g  h t icoegulant )  

0 

STORE 
PLASMA CENTRIFUGE ---I CENTRIFUGE 

( C o n t a i n i n g  Anticoagulant) 

E S l o M  

i 

STORE WHOLE 
B W D  

CAPIulrRI PUNCTURE 
(Finger, T o e  j 

E a r  L o b e )  

* CAPILLARY TUBES -MEASURE CLOTTING TIME 

W CAPILLARY TUBE +ENTRIFUGE - MEASURE KMATOCRIT, 

SLIDE -SMEAR -STORE SLIDES 

CHB)IICAL PRESERVATION -DIL&~RUID 

URINE - 
I - MEASURE pH -MEASURE VOLLME -REMOVE ALIQUOT -STORE URINE MICTURATE 

... 

AEROBIC 
INCUBATE 

REFRIGERATE 
AND -SUBCULTURE , R W E  ALIQUOT FOR- 

BACI'EXIOLOGICAL ASSAY 

BACTERIA (en skin, 
c lothes ,  cabin) 

MOIST SWABS 
AEROBIC AND INCUBATE 
ANAEROBIC - A N D  -SUBCULTURE 

CULTIR(ES REFRIGERATE 

ALIQUOT 
SUEAT - 

USE PRESERVATIVE P STORE WASH n U I D  

MIX WITU ION EXCHUGS RESIN ,STORE RESIN 

Figure 2-1. Collection to Storage Sequence 
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Table 5-5. Preservation by Vacuum Distillation 

METHOD 
1* 

METHOD 
2 

HEAT 

A 
DESICCANT v 

CONTAINER CONTAINER 

t 
HEAT 

ITEM ’ 

ELECTRICAL POWER 

REQUIRED 

WEIGHT 

c OM P LEXITY/R E IJ A BI LI T Y 

EXPENDABLES 

VEHICLE PENETRATION 

EASE OF OPERATION 

SA F ETY 

RATING 

METHOD 1 

10 
10 

7 

10 SAMPLE LIQUID 

1 

5 

METHOD 2 

10 

3 

7 

1 

10 

5 

10 

4a* TOTAL I 46 I 
~ ~~ ~~~ ~~ ~ ~~ 

NOTE: ALL ITEMS HAVE EQUAL IMPORTANCE. 

RATING: 10 BEST 
1 = WORST 

*SELECTED 

**IN THIS CASE THE DESICCANT ACTS AS A WATER VAPOR PUMP AND 
CANNOT BE ACCURATELY CALLED VACUUM DISTILLATION. 

(a) VACUUM SEAL HAZARD 
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Table 5-6. Preservation by Adsorption and Ion Exchange 

METHOD 1 

SAMPLE CON- 
TAINER WITH 
ABSORBENT 
AND ION EXCH. r MATERIAL 

1 
T 

VEHICLE PENETRATION 

VACUUM 
VENT 

ITEM 

ELECTRICAL POWER REQ'D 

WEIGHT 

COMPLEXITY/RELIABILITY 

EXPENDABLES 

VEHICLE PENETRATIONS 

EASE OF OPERA,TION 

SAFETY 

TOTAL 

METHOD 2* 

I 

SAMPLE 
CONTAINER 

BENT AND ION 
EXCHANGE 
MATERIAL 

OF ABSOR- 

RATING 

10 

3 

5 

1 

1 

5 

5 (a) 

NOTE: ALL ITEMS HAVE EQUAL IMPORTANCE 

RATING: 10 = BEST 
1 = WORST 

*SELECTED 
(a) VACUUM SEAL HAZARD 

METHOD 2 

10 

1 

4 

1 

10 

1 

10 

37* 
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